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Page 144, line 28, /or absolvable read absorbable. 
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281, /or a terphosphate, a bipbosphate, and phosphate of water, read a terhydrate, a bihydrate, 

and hydrate of phosphoric acid. 
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List of figured Nebulae. — Continued. 



1 
Flttc Figure. 


Number in 
Obserrations. 


Synonyms. 


R. A. 


N. P. D. 


XIII. 


45 


2241 


IV, 18 


h m • 
23 17 44 


48 24 




46 


. 2047 


IV.61 


19 34 21 


104 33 




47 


2076 


IV.16 


20 14 48 


70 26 




48 


2072 


IV. 13 


20 9 33 


69 67 




49 


366 


1.261 


6 20 11 


66 64 


XIV. 


50 
51 
52 
53 


1376 

869 

61 

864 


I. 43 


12 31 11 

11 11 22 

39 12 

11 10 2 


100 40 
76 28 

116 13 
76 69 


V. 8 


V. 1 


M.66 




54 


876 


Nova 


11 14 12 


76 5 




55 


1176 


V.43 


12 10 33 


41 46 




56 


242 


1.166 


2 29 46 


61 41 




57 


1226 


1.210 


12 16 6 


42 4 




58 


161 


IV. 42 


1 40 4 


84 66 




59 


1148 


I. 109 


12 7 16 


76 64 




60 


2236 


11.600 


23 13 68 


60 4 




61 


636 


11.280 


8 46 60 


92 26 




69 


1499 


IV.30 


12 60 57 


64 13 




63 
64 


2206 
399 


I. 66 


22 66 26 
6 29 63 


78 36 
81 7 


IV.2 




65 


637 


IV. 66 


8 46 33 


36 36 




66 


1362 


III. 602 


12 28 28 


.74 48 




67 


1609 


I. 143 


12 62 2 


86 36 


XV. 


68 


1262 


V.29 


12 17 22 


56 31 




69 


1202 


/M. 611 ' 
11.139/ 


12 13 13 


84 36 




70 


604 


I. 66 & 67 .... 


9 22 32 


67 46 




71 

72 


1146 
444 


I. 96 


12 7 6 
7 14 60 


62 44 
60 11 


II. 316 & 317.. 




73 


2197 


11.460. 461 .. 


22 61 12 


103 43 




74 


1408 


M.60. III. 44.. 


12 36 4 


77 31 




75 


1414 


1.176. 177.... 


12 36 39 


66 64 




76 


1397 


V. 42. 11.669.. 


12 33 64 


66 30 




77 


1906 


11.761. 762 .. 


16 


69 48 
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list of figured Nebulae. — Continued. 



Plate. 


Figure. 


Number in 
Observations. 


Sjnonyms. 


R. A. 


N. P. D. 


XV. 


78 


1358 


Nova 


h m 8 
12 27 65 


7>49 




79 


936 


II. 103 


11 31 24 


73 43 


XVI. 


80 


1991 


IV. 41 


17 52 


113 1 




81 

82 


357 
2093 


M. 1 


5 24 16 
20 50 4 


68 7 
60 86 


Nova 




83 
84 


1352 
1466 


1. 92 


12 27 31 
12 44 21 


61 6 

77 50 


II. 75 & 74 ... . 




85 


2245 


11.226 


23 19 58 


68 31 




86 


1968 


M. 13 


16 35 37 


53 13 




87 


1916 


M,5 


15 9 56 


87 16 




88 
89 


2125 
1929 


M. 2 


21 24 40 
15 29 9 


91 34 

83 S7 


Nova 




90 


2128 


M. 30 


21 30 42 


113 55 




91 


415 


VI.2 


6 45 18 


71 49 



Notes on the foregoing List. 

Fig. 25. M. 51. — ^This very singular object is thus described by Messier: 
— ^^ N^buleuse sans 6toiles.*' " On ne pent la voir que difficilement avec une 
lunette ordinaire de 3^ pieds." *^ Elle est double, ayant chacune un centre 
brillant eloign^ Tun de Fautre de 4' 35''. Les deux atmospheres se touchent.*^ 
By this description it is evident that the peculiar phenomena of the nebulous 
ring which encircles the central nucleus had escaped his observation, as might 
have been expected from the inferior light of his telescopes. My Father de- 
scribes it in his observations of Messier*s nebulae (which are not included in 
his catalogues,) as a bright round nebula, surrounded by a halo or glory at a 
distance from it, and accompanied with a companion ; but I do not find that the 
partial subdivision of the ring into two branches throughout its south follow- 
ing limb was noticed by him. This is, however, one of its most remarkable 
and interesting features. Supposing it to consist of stars, the appearance it 
would present to a spectator placed on a planet attendant on one of them ex- 
centricaUy situated towards the north preceding quarter of the central mass. 
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would be exactly similar to that of our Milky Way, traversing in a manner 
precisely analogous the firmament of large stars, into which the central cluster 
would be seen projected, and (owing to its greater distance) appearing, like it, 
to consist of stars much smaller than those in other parts of the heavens. 
Can it, then, be that we have here a brother-system bearing a real physical re- 
semblance and strong analogy of structure to our own ? Were it not for the 
subdivision of the ring, the most obvious analogy would be that of the system 
of Saturn, and the ideas of Laplace respecting the formation of that system 
would be powerfully recalled by this object. But it is evident that all idea 
of symmetry caused by rotation on an axis must be relinquished, when we 
consider that the elliptic form of the inner subdivided portion indicates with 
extreme probability an elevation of that portion above the plane of the rest, so 
that the real form must be that of a ring split through half its circumference, 
and having the split portions set ajsunder at an angle of about 45^ each to the 
plane of the other. 

Fig. 26. Mess. 27. — ^Described by Messier thus : " N^buleuse sans 6toile." 
^' On la voit bien avec une lunette ordinaire de 3 J pieds : elle parait sous unc 
forme ovale et ne contient aucune ^toile.*" ' In my Father's observations the 
true form (like that of a double-headed shot or dumb-bell,) was of course 
distinctly perceived, and the small stars it contains are noticed, and taken as 
an indication of its resolvability. I incline, however, to the opinion of their 
being accidental stars (of which multitudes exist in the surrounding region). 
But here, as in the former object, the feature which gives a peculiar interest to 
^he whole nebula, and alters entirely the light in which its physical constitution 
must be considered, has been hitherto overlooked, — I mean the faint nebulosity 
which fills in the lateral concavities of the body, and converts them in fact 
into protuberances, so as to render the general outline of the whole nebula, a 
regular ellipse, having for its shorter axis the common axis of the two bright 
masses of which the body consists, that is to say, the longer axis of the oval 
form, under which it was imperfectly seen by Messier. To this axis the com- 
plete figure is symmetrical, and if we are disposed to regard it as a mass in 
rotation, it is about this axis that we must suppose it to revolve. In that case 
its real form must be that of an oblate spheroid; and as it does not follow that 
the brightest portions must of necessity be the densest, this supposition would 
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not be incompatible with dynamical laws^ at leasts supposing its parts to be 
capable of exerting pressure on one another. But if it consist of discrete stars^ 
this cannot be admitted^ and we must have recourse then to other suppositions 
to account for the maintenance of its form. 

Fig. 27. Mess. 64. — ^The dark semi-elliptic vacancy (indicated by an un- 
shaded or bright portion in the figure,) which partially surrounds the con- 
densed and bright nucleus of this nebula, is of course unnoticed by Messier. 
It was however seen by my Father^ and shown by him to the late Sir Charles 
Blagden, who likened it to the appearance of a black eye^ an odd, but not 
inapt comparison. The nucleus is somewhat elongated, and I have a strong 
suspicion that it may be a close double star, or extremely condensed double 
nebula. 

Fig. 28. V. 19. — ^An extraordinary object. Perhaps the representation in 
the figure is too nicely Sjrmmetrical, as it certainly is too sharply defined and 
distinct. It is of the last degree of faintness, and may very well be unper- 
ceived, though full in the field of view. There can hardly be a doubt of its 
being a thin flat ring, of enormous dimensions, seen very obliquely. 

Fig. 29. Mess. 67* — ^The annular nebula in Lyra. It is ill represented. 
The edges exhibit a curdled and confused appearance, like stars out of focus. 
The interior is far from absolutely dark.. It is filled with a feeble but very 
evident nebulous light, which I do not remember to have seen noticed by 
former observers. Comparing figures 25, 27 y 28, 29 and 48, it will appear that 
the annular form, or an approach to it, is one of those which nebulae aflfect, 
and taken in connexion with the ring of Saturn and the Milky Way, may lead 
us to conceive that some kind of analogy, however obscure, may subsist in all 
those cases. 

Fig. 33. — ^The engraving represents this very strange nebula much too in- 
tense. It is an extremely faint object. The large double star is k Cygni. 

Fig. 35. Mess. 17* — ^The figure of this nebula is nearly that of a Greek 
capital omega H, somewhat distorted and very unequally bright. It is remark- 
able that this is the form usually attributed to the great nebula in Orion, 
though in that nebula I confess I can discern no resemblance whatever to the 
Greek letter. Messier perceived only the bright preceding branch of the 
nebula now in question, without any of the attached convolutions which were 



Digitized by 



Google 



OP NEBULiE AND CLUSTERS OP STARS. 499 

first noticed by my Father. The chief peculiarities which I have observed in 
it are^ Ist^ the resolvable knot in the following portion of the bright branch, 
which is in a considerable degree insulated from the surrounding nebula ; 
strongly suggesting the idea of an absorption of the nebulous matter ; and 
2ndly, the much feebler and smaller knot at the north preceding end of the 
same branchy where the nebula makes a sudden bend at an acute angle. With 
a view to a more exact representation of this curious nebula, I have at different 
times taken micrometrical measures of the relative places of the stars in and 
near it, by which, when laid down as in a chart, its limits may be traced and 
identified, as I hope soon to have better opportunity to do than its low situa- 
tion in this latitude will permit. 

Fig. 37. V. 24, and Pig. 50. I. 43. — The strong suspicion of a parallel 
appendage to the latter of thes^ is almost converted into certainty by its un- 
doubted existence in V. 24, in which it was seen by two other observers as 
well as by myself. But y^hat are we to make of such an appendage ? Must 
we consider it as an extreme exaggeration of the case of M. 64 (fig. 27), in 
which the vacancy is extended up to almost the very extremities of the ellip- 
tic outline, — ^in which case the nebula would come to be regarded as a flat 
annulus seen at a great obliquity, and having very unequal breadths and den- 
sities in its two opposite semicircles ? Or must we admit the appendage to be 
a separate and distinct nebula, dependent,, by some unknown physical relation, 
on its brighter neighbour ? 

Fig. 43. — ^This remarkable object, as my Father rightly observes, appears to 
constitute a connecting link between the planetary nebulae and nebulous stars. 
It differs from the latter class of objects in respect of the intensity and com- 
paratively sharp termination of the surrounding light ; and no less from the 
former, in that of its stellar centre. With regard to nebulous stars generally, 
I ought to mention that it has frequently occurred to me to notice a peculiar 
state of the atmosphere in which all large stars (above the 7th magnitude) 
have appeared surrounded with photospheres of 2' or 3' or more in diameter, 
precisely resembling that about some of the finer specimens of nebulous stars. 
The state of the air alluded to, is not that in which fog, or any degree of hazi- 
ness, or thin strata of cloud are perceptible to the sight. These produce no 
such appearance. Stars are seen through fog, cloud, or ordinary haze, pre- 
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cisely as if there were no such intervening medium ; only less bright. The 
photospheres in question are often seen when the sky seems quite pure and 
clear. They do not arise from dew on the glasses, as is proved by wiping 
them ; nor in the eye itself, for they do not vanish when the star is made to 
blink behind one of the thick wires of the eye-piece ; nor in scabrous polish of 
the mirror, for they are not permanent. They come on suddenly ; seldom last 
very long, and disappear as unexpectedly as they come. When first this phe- 
nomenon presented itself, a considerable star which appeared so surrounded 
was at once set down as a superb nebulous star, and it was not until another 
and another entered the field similarly affected, that any doubt arose. As re- 
gards the true cause of this phenomenon, that it is atmospheric I have no 
doubt, and perhaps it must be looked for in some highly rarified material, dis- 
seminated in cloud4ike, though invisible, masses, in the very highest regions 
of our atmosphere, — ^the same possibly which, when ignited by the passage of 
electric currents, gives rise to many if not all the phenomena of the aurora 
borealis. Be that as it may, the fact that an appearance, exactly resembling 
that of a nebulous star, may originate in a non-luminous medium, interposed 
between the eye and the star, serves to render it not improbable that such 
matter may exist, disseminated through the ether itself in determinate loca- 
lities, and may render some stars which shine through it nebulous, which have 
no real nebulous atmospheres about them. The frequency of nebulous stars 
in the constellation of Orion seems to afford some support to this idea, though 
I am far from contending that there are no stars really nebulous. Of such the 
object immediately under consideration, indeed, must be regarded as an un- 
doubted instance. 

Figs. 44 ... . 47.— Planetary nebulae. The point to which I should here 
draw attention is the frequent and close proximity to these objects, of minute 
stars, which suggest the idea of accompanying satellites. Such they may pos- 
sibly be. The enormous magnitude of these bodies, and consequent probable 
mass (if they be not hollow shells), may give them a gravitating energy, which, 
however rare we may conceive them to be, may yet be capable of retaining 
in orbits, three or four times their own diameter, and in periods of great length, 
small bodies of a stellar character. In this point of view a continued series 
of the angles of position of their companions, micrometrically measured with 
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due care^ would be interesting ; and I regret not having sufficiently attended 
to this in my observations^ the few measures given^ being hurried^ imperfect 
and discordant. 

Plate XIV. Figs. 60 ... . 67. — Long nebtUce. The general form of elongated 
nebulae is elliptic, and their condensation towards the centre is almost invari- 
ably such as would arise from the superposition of luminous elliptic strata^ 
increasing in density towards the centre. In many cases (as in fig. 53^) this 
increase of density is obviously attended with a diminution of ellipticity, or a 
nearer approach to the globular form in the central than in the exterior strata. 
It is probably owing to this^ that extended nebulse seen in dull or hazy states 
of the sky are often described as round, the fainter and more elliptic enve- 
lopes being obliterated^ and only the more globular nuclei perceived. The 
great extension of some nebulae into long lenticular rays, and the existence of 
every intermediate degree of ellipticity up to the exact circular form, with the 
various degrees of rapidity of central condensation, from a barely percep- 
tible increase of density to a seemingly solid nucleus, are all accounted for 
by supposing the general constitution of these nebulae to be that of oblate 
spheroidal masses of every degree of flatness from the sphere to the disc, 
and of every variety in respect of the law of their density and ellipticity to- 
wards the centre. It would be incorrect, however, to draw from this any 
inference ^as to the identity of the forces which maintain them in this form 
with those which determine the oblate spheroidal form of a revolving fluid 
mass under the dominion of the law of gravitation^ and subject to compression 
by the superincumbent matter. If a nebula be nothing more than a cluster of 
discrete stars, (as we have every reason to believe, at least in the generality of 
cases,) no pressure can be propagated through it ; and its equilibrium, or, to 
speak more correctly, the permanence of its form, must be maintained in a 
way totally different. In a system so constituted, no general rotation of the 
whole^ as a mass, can be supposed. It must rather be conceived as a quiescent 
form, comprising within its limits an indefinite multitude of individual con- 
stituents, which^ for aught we can tell^ may be moving one among the other, 
each animated by its own inherent projectile force^ and deflected into an orbit 
more or less complicated, by the influence of that law of internal gravitation 
which may result from the compounded attractions of all its parts. I have 
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Bhown elsewhere* hoV b q^i^'dent iqpberica) form tiiay snbsiist f* the bounding 
outline of an immense number of equsd srtars xmiformly Hfistributed through 
its extent^ each of which individually atraots all the others with a force in-- 
Tersely as the square of the distance^ tthd whose united attractions compose 
an internal force on each> directly propofrtibmd to the distance from iSie centre 
of the sphere. In such a state of things^ each star might describe an ellipse 
in any plane^ and in any direction in that plane about the cOmmoin centre, 
without the possibility of collision; but the sphere, regarded as a whole, would 
tave no rotation about any axis. If the form be not spherical, and the distri- 
1)ution of the stars not homogeneous, the dynamical relations become too com- 
plicated to be distinctly apprehended, yet we may still conceive that something 
of an analogous result may subsist, and that both the external form and the 
internal density may be maintained, (at least under certain conditions,) for the 
mass as a quiescent whole, while all its elements are in a state of imceasing 
transfer and interchange. 

Plate XV. Pigs. 68 . . . . 79. — Double nebulas. All the varieties of double 
stars, as to distance, position and relative brightness, have their counterparts in 
double nebulae ; besides which, the varieties of form and gradation of light in 
the latter afford room for combinations peculiar to this class of objects. The 
series of figures expressed in this Plate exhibits a considerable number of these 
combinations; and it will, I think, be found impossible, on casting our eye over 
its contents, and referring mentally to the great numbei^ of similar objects 
scattered through the heavens, to refuse our assent to the idea of a more in- 
timatie physical relation between the individuals of a double nebula than that 
of mere casual juxtiaposition. The Argument drawn from the comparative 
rarity of the objects in proportion to the whole extent of the heavens, so cogent 
in the csii^e of the doiible stails, is infinitely more so in that of the double ne- 
bulae. Nebulae, for example, so large and faint, and so little condensed to- 
wards the centre as those of V. 2&, (fig. 68,) are extremely rare, ev6n single, 
so thdt the improbability of two such,' casually occurring, so near together as 
to miix their nebulosities, is extreme. It will therefbre become a very interest- 
ing Subject of future inquiry, whether any traces of orbitual Motion (indicated 
by^^a progressive change in their' angles' of position with respect to the meri- 

* Cabinet Cyclbpsedia, Abtbokomt, last page. 
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diao^) c^ be detected w the^ eombioations. The micrometrical measures of 
Piapy of theja which occur in the foregoing observations^ though neither so 
Qunieroi^ nor so accui*ate as might be wished^ will at least serve ^s terms of 
rofigh comparison^ sufficient at least for the detection of rapid rotations. 

Elate XVI. Figs. 80, 82, 83^ 84^ 85 represent nebulae which ofiEer some remark^ 
9ble peculiarity of situation with respect to stars. Of these the most singular are 
IV^ 41, (fig. 80,) and that of fig. 82. The latter, however, is very imperfectly 
expressed in the drawing. Indeed it would be excessively difficult to execute 
ja drawing of such an object with any pretensions to correctness. In this, 
gjeneral reseqiblance and character only has been aimed at, enough to express 
^he peculiar feature of the object, which is a network or tracery of nebulae fol- 
lowing the lines of a similar network of stars. It is an extremely fajnt and 
4^fficKk object^ and only once observed; but I do not think it possible I could 
Im^W bee|L deceived as to the reality of the phenomenon, especially since the 
brighter parts of the nebula are stated in the observation to have been di- 
^tvQctly^^eQ. 

Figs. 8I3, 86, .875 88, 89, 90, 91 are clusters of stars^ beginning with a barely 
resolvable one, Qd. 1. ^g. 81,) and ascending by successive degrees, — figs. 89, 88, 
S7, — ^to M. 13, fig. 86, which is one ol the most magnificent assemblages of 
stars the heavens ccmtain. They are instructive, exhibiting, as they do, an 
an^Jyas of the intimate structure of nebuke, on which depend many of the 
peculiarities of their appearance when no stars can be actually discerned in 
them^ such as^ for example, that peculiar character to which, when it has 
occurred^ the epithet ^^ hairy** or/^ filamentous ** has been attsK^ed in the de- 
scriptioi^, and which is well illustrated by the figure (fig. 86) of Mbssier's 13th, 
and by the description of the 53rd of the Connaissance des Tems (No. 1558 
in the above observations,) as set down in sweep 63 ; the border, instead of 
melting away insensibly, having a ragged or fibrous appearance. Again, fig. 90, 
if removed far enough to lose the stars^ would be described, doubtless, as irre-^ 
gularly round or unsymmetrical, if not as having a bifid or forked tail : and 
fig. 91 (VI. 2,) would, under similar circumstances of remov^, appear as a 
fan*shaped nebula .with a bright point like a star at the vertex^ such as is repre- 
sented in figs. 65, 66, 67^ 68. 

Before terminating this Appendix^ it should be explained what is meant by 
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the references, so frequent in the observations, to a ^^ working list.'* It has been 
my invariable practice to prepare before each nighf s sweep a list, in order of 
R. A. with approximate polar distances, of the principal objects occurring 
within the zone intended to be embraced in the sweep, and about 5' or KV 
above and below it. It is needless to mention that the nebulae of these lists 
were mostly those of my Father's sweeps, — ^not, however, as taken merely 
from his printed catalogue, in which only references of their places to the 
nearest large stars are stated, but as reduced and digested (with great patience 
and care) into a regular catalogue in zones, by my aunt. Miss Caroline Her- 
scHEL. This valuable MS., which performs the same office with regard to my 
Father's sweeps, as far as concerns the places of the nebulae, as the present 
digested and reduced series of observations does to my own, has therefore been, 
in point of fact, the groundwork of my whole proceedings, and I should be 
not only ungrateful, but in a high degree unjust, were I to omit in this place 
acknowledging the advantage I have derived from its use, 

At the commencement of my sweeps, I contented myself, however, with a 
bare notice of the chief expected nebulae, but finding that owing to the interest 
excited by these objects, the zero stars were too much neglected, and smaller 
nebulae missed, these came to be inserted at convenient intervals. Subse- 
quently, too, the double stars of Struve's catalogue began to be entered on 
the lists; and at length, experience having shown me that no trouble bestowed 
on the construction of an ample and exact *' working list" could be considered 
ill bestowed, I threw aside all the earlier lists of this sort, and dividing the 
heavens into zones of polar distance, of 3^ in breadth from 0° to 120®, proceeded 
to construct a series of lists or approximate catalogues in order of R. A. for 
1830, in which should be comprised the following objects : 

1st. All my Father's nebulae and clusters. 

2nd. Messier's ditto. 

3rd. All other nebulae and clusters of which any hints could anywhere be 
found, including new ones from my own sweeps, inserted from time to time. 

4th. All the double stars of Struve's greater catalogue. 

5th. All other remarkable double stars of which any record could be found, 
either in my own sweeps or elsewhere. 

6th. A series of zero stars, chosen so as to interfere as little as possible with 
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the Other objects^ and selected from the catalogue of the Astronomical Society; 
or where none j&t for the purpose could be found there, from Piazzi's ; or fail- 
ing that, from other authorities. 

The construction of the *^ working lists** on this extended scale, has formed 
a very large part of the regular work of my sweeps; but so far from regretting 
the trouble they have cost, or regarding it as waste labour, I can only lament 
having deferred their full execution till impressed by the experience of much 
more, and far more valuable observing time lost, with a sense of their impor- 
tance. 

One consequence of the construction of the working lists has been the gra- 
dual.accumulation of a pretty extensive catalogue of missing nebulae; — ^perhaps 
it would be more correct to say, nebulae not found when looked for. The 
fainter nebulae are so easily overlooked, even when in the field of view, and are 
altogether such very delicate objects, that it is the most difficult thing in the 
world to prove the negative proposition as to their existence. Many such cases, 
too, must have originated in mistaken entries on the list, some doubtless in 
mistakes in the observations from which those lists were constructed, and 
some from actually looking in the wrong places by mistaken settings of the 
telescope. Aware of all these possibilities, I have thought it best to suppress 
this list for the present, having had no time to go into an examination of the 
subject. Indeed I doubt whether it would be worth while to do so. There 
seems very little probability that a real nebula should have disappeared from 
the heavens; and though some few telescopic comets may have been noticed in 
my Father's sweeps, and set down as nebulae, the chances are almost infinite 
against any such observation, if ascertained, proving of use as a datum for im- 
proving the elements of any recorded comet. 
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^9. On a new Law of Electric Conduction. ^ 10. On Conducting Power 
generally. 

^9. On a new Law of Electric Conduction. 

380. IT was during the progress of investigations relating to electro^ehemi* 
cal decomposition, which I still have to submit to the Royal Society, that I 
encountered effects due to a very general law of electric conduction not hitherto 
recognised ; and though they prevented me from obtaining the condition I 
sought for, they afforded abundant compensation for the momentary disap- 
pointment, by the new and important interest which they gave to an extensive 
part of electrical science. 

381. I was working with ice, and the solids resulting from the fireezing of 
solutions, arranged either as barriers across a substance to be decomposed, or 
as the actual poles of a voltmc battery, that I might trace and catch certain 
elements in their transit, when I was suddenly stopped in my progress by find- 
ing that ice was a non-conductor of electricity ; and that as soon as it thin 
film of it was interposed, in the circuit of a very powerful voltaic battery, the 
transmission of electricity was prevented, and all decomposition eeased. 

382. At first the experiments were made with ordinary ice, during the cold 
freezing weather of the latter end of January (1833) ; but the results were jfol* 
lacious, from the imperfection of the arrangements, and the following more 
unexceptionable form of experiment was adopted. 

383. Hn vessels were formed, open at one extremity, five inches deep, one 
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inch and a quarter wide in one direction^ and of different widths^ from three 
eighths to five eighths of an inch^ in the other. Into these were fixed by corks, 
plates of platina, so that the latter should not touch the tin cases ; and copper 
wires having previously been soldered to the plates, these were easily connected, 
when required, with a voltaic pile. Then distilled water, previously boiled for 
three hours, was poured into the vessels, and frozen by a mixture of salt and 
snow, so that pure transparent solid ice intervened between the platina and 
tin ; and finally these metals were connected with the opposite extremities of 
the voltaic apparatus, a galvanometer being at the same time included in the 
circuit. 

384. In the first experiment, the platina pole was three inches and a half 
long, and seven eighths of an inch wide ; it was wholly immersed in the water 
or ice, and as the vessel was four eighths of an inch in width, the average 
thickness of the intervening ice was only a quarter of an inch, and the sur- 
face of contact with it at both poles equal to nearly fourteen square inches. 
After the water was frozen, the vessel was still retained in the frigorific mix- 
ture, whilst contqx^t between the tin and platina respectively was made with 
the extremities of a well charged voltaic battery, consisting of twenty pairs of 
four-inch plates, each with double coppers. Not the slightest deflection of 
the galvanometer needle occurred. 

385. On taking the frozen arrangement out of the cold mixture, and apply- 
ing warmth to the bottom of the tin case, so as to melt part of the ice, the 
connexion with the battery being retained, the needle did not at first move ; 
and it was only when the thawing process had extended so far as to liquefy 
part of the ice touching the platina pole, that conduction took place ; but then 
it occurred effectually, and the galvanometer needle was permanently deflected 
nearly 70°. 

386. In another experiment, a platina spatula, five inches in length and 
seven eighths of an inch in width, had four inches fixed in the ice, and the 
latter was only three sixteenths of an inch thick between one metal and the 
other ; yet this arrangement insulated as perfectly as the former. 

387. Upon pouring a little water in at the top of this vessel on the ice, 
stiU the arrangement did not conduct; yet fluid water was evidently there. 
This effect was found to be dependent on the cold metals having frozen the 
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water where they touched it^ and thus insulating the fluid part ; and it well 
illustrates the nonconducting power of ice, by showing how thin a film could 
prevent the transmission of the battery current. Upon thawing parts of this 
thin film, where it touched both metals, conduction occurred. 

388. Upon warming the tin and removing the piece of ice, it was found that 
from a cork having slipped, one of the edges of the platina had been all but in 
contact with the inner surface of the tin vessel ; yet, notwithstanding the ex- 
treme thinness of the interfering ice in this place, no sensible portion of elec- 
tricity had passed. 

389. These experiments were repeated many times with the same residts. 
At last a battery of fifteen troughs, or one hundred and fifty pairs of four-inch 
plates, powerfully charged, was used ; yet even here no sensible quantity of 
electricity passed the thin barrier of ice. 

390. It seemed at first as if occasional departures firom these effects oc- 
curred; but they could always be traced to some interfering circumstances. 
The water should in every instance be well frozen; for though it is not neces- 
sary that the ice should reach from pole to pole, since a barrier of it about one 
pole would be quite sufficient to prevent conduction, yet, if part remain fluid, 
the mere necessary exposure of the apparatus to the air, or the approximation 
of the hands, is sufficient to produce, at the upper surface of the water and ice, a 
film of fluid extending from the platina to the tin ; and then conduction occurs. 
Again, if corks are used to block the platina in its place, and these corks being 
immersed, are damp or wet within, it is needful that the cold be sufficiently 
well applied to freeze the water within them, or else when the surfaces of their 
contact with the tin become slightly warm by handling, that part will con- 
duct, and the interior being ready to conduct also, the current will pass. The 
water should be pure, not only that unembarrassed results may be obtained, 
but also that, as the freezing proceeds, a minute portion of concentrated saline 
solution may not be formed, which remaining fluid, and being interposed in 
the ice, or passing into cracks from contraction, may exhibit conducting powers 
independent of the ice itself. 

391. On one occasion I was surprised to find that after thawing much of the 
ice the conducting power had not been restored ; but I found that a cork 
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which held the wire just where it joined the platina^ dipped so far into the ice^ 
that with the ice itself it protected the platina from contact with the melted 
part long after that contact was expected. 

392. This insulation exhibited by ice is not effective with electricity of ex- 
alted intensity. On touching a diverged gold-leaf electrometer with a wire 
connected with the platina, whilst the tin case was touched by the hand or 
another wire, the electrometer was instantly discharged (419.). 

393. But though electricity of an intensity so low that it cannot diverge 
the electrometer, can still pass (though in very limited quantities (419.),) through 
ice; the comparative relation of water and ice to the electricity of the voltaic 
apparatus is not less extraordinary on that account, or less important in its 
consequcsices. 

394. As it did not seem likely that this law of the assumption of conducting 
power during liquefaction, and loss of it during congelation, should be peculiar 
to water, I immediately proceeded to ascertain its influence in other cases, and 
found it to foe very general. For this purpose bodies were chosen which, being 
solid at common temperatures, were fusible ; and of such composition as, for 
other reasons connected with electro-chemical action, led to the conclusion 
that they would be able to replace water. A voltaic battery of two troughs, 
or twenty pairs of four-inch plates (384.), was used as the source of electricity, 
and a galvanometer introduced into the circuit to indicate the pi*esence or 
absence of a current. 

395. On fusing a little chloride of lead by a spirit-lamp on a fragment of 
a FLorenoce flask, and introducing two platina wires connected with the poles 
of the battery, there was instantly powerful action, the galvanometer was most 
violently affected, and the chloride rapidly decomposed. On removing the 
lamp, the instant the chloride solidified all current and consequent effects 
ceased, thotigh the platina wires remained inclosed in the chloride not more 
than the otie-sixteenth of an inch from each other. On renewing the heat, as 
soon as the fusion had proceeded fiir enough to allow liquid matter to connect 
the poles, the electrical current instantly passed. 

396. On fusing £be chloride, with one wire introduced, and then touching 
the liquid With the other, the latter (being cold,) caused a little knob to con- 
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Crete on its extremity, aitd no current passed ; and it was only: when the wire 
became so hot as to be able to allow contact with the liquid matter^ that con- 
duction took place; and then it was very powerful. 

397- When chloride of silver and chlorate of potassa were experimented 
with, in a similar manner, exactly the same results occurred. 

398. Whenever the current passed in these cases, there was dacomposition 
of the substances; but the electro-chemical part of this subject I purpoi^e con- 
necting with more general views in a future paper*. 

399. Other substances, which could not be melted on glass^ were fused by 
the lamp and blowpipe on platina connected with one pole of the battery, 
and then a wire, connected with the other, dipped into them. Jn this way 
mixed carbonates of potash and soda, chloride of sodium, sulphate pf soda, 
protoxide of lead, &c. &c. &c., exhibited exactly the same phenomena as those 
already described. Whilst liquid, they conducted and were decomposed; 
whilst solid, though very hot, they insulated the battery current even whei) 
four troughs were used. 

400. Occasionally the substances were contained 
in small bent tubes of green glass, and when fused, 
the platina poles introduced, one on each side. In 
such cases the same general results as those already 
described were procured ; but a further advantage was obtained^ nain?ly^.tliat 
whilst the substance was conducting and decomposing, the final arrangQmeiit 
of the elements could be observed. Thus, iodides of potassium, and lead g^ve 
iodine at the positive pole, and potassium or lead at the n^;ative pole. Chlo- 
rides of iodine and silver gave chlorine at the positive, and metals at the nega- 
tive pole. Nitre and chlorate of potassa gave oxygen, &c., at the positive, and 
alkali, or even potassium, at the negative pole. 

401. A fourth arrangement was used for substances requiring very high 
temperature for their fusion. A platina wire was connected with one pole of 

* In 1801, Sir H. Davy knew that " dry nitre, caustic potash, and soda are conductors of gal- 
vanism when rendered fluid by a high d^pree of heat/' (Journals of the Ro3ral Institution, 1802, p. 53,) 
but was pot aware of the general law which I have been engaged in deyeloping. It is remarkable, 
that eleven years after that, he should say, " There are no fluids known except such as contain water, 
which are capable of being made the medium of connexion between the metal or metals of the vol- 
tuc apparatus." Elements of Chemical Philosophy, p. 169. 
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the battery; its extremity bent into a small ring^ in the manner described by 
Berzelius^ for blowpipe experiments ; a little of the salt^ glass^ or other sub- 
stance^ was melted on this ring by the ordinary blowpipe^ or even in some 
cases by the oxy-hydrogen blowpipe^ and when the drop^ retained in its place 
by the ring, was thoroughly hot and fluid, a platina wire from the opposite pole 
of the battery was made to touch it, and the effects observed. 

402. The following are various substances taken from very different classes^ 
chemically considered, which are subject to this law. The list might, no 
doubt, be enormously extended; but I have not had time to do more than 
confirm the law by a sufficient number of instances. 

First, water. 

Amongst oxides; — potassa, protoxide of lead, glass of antimony, protoxide 
of antimony, oxide of bismuth. 

Chlorides of potassium, sodium, barium, strontium, calcium, magnesium, 
manganese, zinc, copper (proto-), lead, tin (proto-), antimony, silver. 

Iodides of potassum, zinc and lead, protiodide of tin, periodide of mercury ; 
fluoride of potassium ; cyanide of potassium ; sulpho-cyanide of potassium. 

Salts. Chlorate of potassa; nitrates of potassa, soda, baryta, strontia, lead, 
copper, and silver ; sulphates of soda and lead, proto-sulphate of mercury ; 
phosphates of potassa, soda, lead, copper, phosphoric glass or acid phosphate 
of lime ; carbonates of potassa and soda, mingled and separate ; borax, borate 
of lead, per-borate of tin ; chromate of potassa, bi-chromate of potassa, chro- 
mate of lead; acetate of potassa. 

Sulphvrets. Sulphuret of antimony, sulphuret of potassium made by reducing 
sulphate of potassa by hydrogen ; ordinary sulphuret of potassa. 

Silicated potassa ; chameleon mineral. 

403. It is highly interesting in the instances of those substances which 
soften before they liquefy, to observe at what period the conducting power is 
acquired, and to what degree it is exalted by perfect fluidity. Thus, with the 
borate of lead, when heated by the lamp upon glass, it becomes as soft as 
treacle, but it did not conduct, and it was only when urged by the blowpipe 
and brought to a fair red heat, that it conducted. When rendered quite liquid, 
it conducted with extreme facility. 

404. I do not mean to deny that part of the increased condncting power in 
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these cases of softening was probably due to the elevation of temperature 
(432. 445.) ; but I have no doubt that by &r the greater part was due to the 
influence of the general law already demonstrated^ and which in these in- 
stances came gradually^ instead of suddenly, into operation. 

405. The following are bodies which acquired no conducting power upon 
assuming the liquid state : — 

Sulphur, phosphorus; iodide of sulphur, per-iodide of tin; orpiment, realgar; 
glacial acetic acid, mixed margaric and oleic acids, artificial camphor ; caffeine^ 
sugar, adipocire, stearine of cocoa-nut oil, spermaceti, camphor, naphthaline, 
resin^ gum sandarach, shell lac. 

406. Perchloride of tin, chloride of arsenic, and the hydrated chloride of 
arsenic, being liquids, had no sensible conducting power indicated by the gal- 
vanometer, nor were they decomposed. 

407. Some of the above substances are sufficiently remarkable as exceptions 
to the general law governing the former cases. These are orpiment, realgar, 
acetic acid, artificial camphor, per-iodide of tin, and the chlorides of tin and 
arsenic. I shall have occasion to refer to these cases in the paper on Electro- 
chemical Decomposition. 

408. Boracic acid was raised to the highest possible temperature by an oxy- 
hydrogen flame (401.), yet it gained no conducting powers sufficient to afiect 
the galvanometer, and underwent no apparent voltaic decomposition. It 
seemed to be quite as bad a conductor as air. Green bottle-glass, heated in 
the same manner, did not gain conducting power sensible to the galvanometer. 
Flint glass, when highly heated, did conduct a little and decompose; and as 
the proportion of potash or oxide of lead inci*eased in the glass, the effects 
were more powerful. Those glasses, consisting of boracic acid on the one 
hand, and oxide of lead or potassa on the other, show the assumption of con- 
ducting power upon fusion and the accompanying decomposition very well. 

409. I was very anxious to try the general experiment with sulphuric acid, 
of about specific gravity 1*783, containing that proportion of water which gives 
it the power of crystallizing at 40^ Fahr. ; but I found it impossible to obtain 
it so that I could be sure the whole would congeal even at 0^ Fahr. A ten- 
thousandth part of water, more or less than necessary, would, upon cooling the 
whole, cause a portion of uncongealable liquid to separate, and that remaining 
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in the interstices of the solid mass^ and moistening the planes of division, 
would prevent the correct observation of the phenomena due to entire solidi- 
fication and subsequent liquefiEU^tion. 

410. With regard to those substances on which conducting power is con* 
fenced by liquidity, the degree of power so given is generally very great. 
Water is that body in which this acquired power is feeblest. In the various 
oxides, chlorides, salts, &c. &c., it is given in a much higher degree. I have 
not had time to measure the conducting power in these cases, but it is appa- 
rently some hundred times that of pure water. The increased conducting 
power known to be given to water by the addition of salts, would seem to be 
in a great degree dependent upon the high conducting power of these bodies 
when in the liquid state, that state being given them for the time, not by heat 
but solution in the water. 

411. Whether the conducting power of these liquefied bodies is a conse- 
quence of then* decomposition or not (413.), or whether the two actions of 
conduction and decomp6sition are essentially connected or not, would intro- 
duce no difference afiecting the probable accuracy of the preceding statement. 

412. This general assumption of conducting power by bodies as soon as they 
pass from the solid to the liquid state, ofibrs a new and extraordinary charac- 
ter, the existence of which, as far as I kiiow, has not before been suspected; 
and it seems importantly connected with some properties and relations of the 
particles of mattet* which I may now briefly point out. . 

413. In sdmost all the instances, as yet observed, which are governed by this 
law, the substances experimented with have been those which were not only 
compound bodies, but such as contain elements known to. ari^ange themselves 
at the opposite poles, and also such as could be decomposed by the electrical 
current. When conduction took place, decomposition occurred ; when de- 
composition ceased, conduction ceased also; and it becomes a fair and an 
important question. Whether the conduction itself may not, whenever the law 
holds good, be a consequence not merely of the capability, but of the act of 
decomposition ? And that question may be accompanied by another, namely. 
Whether solidification does not prevent conduction, merely by chaining the 
particles to their places, under the influence of aggregation, and preventing 
their final separation in the manner necessary for decompo^tion ? 
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414. But, on the other hand, there is one substance (and others may occur), 
the per-iodide of mercury, which, being experimented with like the others 
(400.), was found to insulate when solid, and to acquire conducting power 
when fluid; yet it did not seem to undergo decomposition in the latter case. 

415. Again, there are many substances which contain elements such as 
would be expected to arrange themselves at the opposite poles of the pile, and 
therefore in that respect fitted for decomposition, which yet do not conduct. 
Amongst these are the iodide of sulphur, per-iodide of zinc, per*chloride of tin, 
chloride of arsenic, hydrated chloride of arsenic, acetic acid, orpiment, realgar, 
artificial camphor, &c.; and from these it might perhaps be assumed that de- 
composition is dependent upon conducting power, and not the latter upon 
the former. The true relation, howerer, of conduction and decomposition in 
those bodies governed by the general law which it is the object of this paper 
to establish, can only be satisfactorily made oxA after a fiir more extensive 
series of observations than those I have yet been able to supply. 

416. The relation under this law of the conducting power for electricity to 
that for heat, is very remarkable, and seems to imply a natural dependence of 
the two. As the iselid becomes a fluid, it loses almost entirely the power of 
condiiction for heat, but gains in a high degree that for electricity ; but as it 
reverts back to the solid state, it guns the power of conducting heat, and loses 
that of conducting elaotrieity; If, therefore, the properties are not incompati- 
ble, stttl they are most strongly contrasted, one being lost as the other is 
gained. We may hope, perhaps, hereafter to understand the physical reason 
of this very extraordinary relation of the two conducting powers, both of which 
appear to be directly connected with the corpuscular condition of the sub^ 
stances concerned. 

417. The assumption of conducting power and a decomposable condition by 
liquefection, promise new opportunities of and great &cilities in voltaic de- 
composition. Thus, such bodies as the oxides, chlorides, cyanides, . solphu- 
cyaaides, fluorides, certain vitreous mixtures, &c. &c., may be submitted to the 
action of the voltaic battery under new circumstances ; and indeed I have 
already been able, with ten pairs of plates, to decompose common salt, chloride 
of mi^esium, borax, &c. &c., and to obtain sodium^ magnesium, boron, &c., 
in their separate states. 
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^ 10. On Conducting Power generally. 

418. It is not my intention here to enter into an examination of all the cir- 
cumstances connected with conducting power^ but to record certain facts and 
observations which have arisen during recent inquiries^ as additions to the gene- 
ral stock of knowledge relating to this point of electricsd science. 

419. I was anxious^ in the first place, to obtain some idea of the conducting 
power of ice and solid salts for electricity of high tension (392.), that a com* 
parison might be made between it and the large accession of the same power 
gained upon liquefaction. For this purpose the large electrical machine (290.) 
was brought into excellent action, its conductor connected with a delicate gold- 
leaf electrometer^ and also with the platina inclosed in the ice^ whilst the tin case 
was connected with the discharging train (292.). On working the machine 
moderately^ the gold leaves barely opened; on working it rapidly, they could be 
opened nearly two inches. In this instance the tin case was five eighths of an 
inch in width; and as, after the experiment, the platina plate was found very 
nearly in the middle of the ice, the average thickness of the latter had been five 
sixteenths of an inch, and the extent of surface of contact with tin and platina 
fourteen square inches (384.). Yet, under these circumstances, it was but just 
able to conduct the small quantity of electricity which this machine could 
evolve (371.), even when of a tension competent to open the leaves two inches ; 
no wonder, therefore, that it could not conduct any sensible portion of the 
electricity of the troughs (384.), which, though almost infinitely surpassing 
that of the machine in quantity, had a tension so low as not to be sensible 
to an electrometer. 

420. In another experiment, the tin case was only four eighths of an inch 
in width, and it was found afterwards that the platina had been not quite one 
eighth of an inch distant in the ice from one side of the tin vessel. When this 
was introduced into the course of the electricity from the machine (419.), the 
gold leaves could be opened, but not more than half an inch ; the thinness of 
the ice favouring the conduction of the electricity, and permitting the same 
quantity to pass in the same time, though of a lower tension. 

421. Fused iodide of potassium was then introduced into the course of the 
electricity from the machine. There were two pieces, each about a quarter of 
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an inch in thickness^ and exposing a surface on each side equal to about half 
a square inch; these were placed upon platina plates^ one connected with the 
machine and electrometer (419.), and the other with the discharging train, 
whilst a fine platina wire connected the two pieces, resting upon them by its 
two points. On working the electrical machine, it was possible to open the 
electrometer leaves about two thirds of an inch. 

422. As the platina wire touched only by points, the facts show that this 
salt is a far better conductor than ice ; but as the leaves of the electrometer 
opened, it is also evident with what difficulty conduction, even of the small 
portion of electricity produced by the machine, is effected by this body in the 
solid state, when compared to the facility with which enormous quantities at 
very low tensions are transmitted by it when in the fluid state. 

423. In order to confirm these results by others, obtained from the voltaic 
battery, one of one hundred and fifty plates, four inches square, was well 
charged: its action was good; the shock from it strong; the discharge would 
continue from copper to copper through four tenths of an inch of air, and the 
gold-leaf electrometer before used could be opened nearly a quarter of an inch. 

424. The ice vessel used (420.) was half an inch in width. The extent of 
contact of the ice with the tin and platina being nearly fourteen square inches, 
it was equivalent to a plate of ice having a surface of seven square inches of 
perfect contact at each side, and only one fourth of an inch thick. It was 
retained in a freezing mixture during the experiment. 

425. The order of arrangement in the course of the electric current was as 
follows. The positive pole of the battery was connected by a wire with the 
platina plate in the ice; the plate was in contact with the ice, the ice with the 
tin jacket, the jacket with a wire, which communicated with a piece of tin 
foil, on which rested one end of a bent platina wire (312.), the other or de- 
composing end being supported on paper moistened with solution of iodide of 
potassium (316.) : the paper was laid flat on a platina spatula connected with 
the negative end of the battery. All that part of the arrangement between 
the ice vessel and the decomposing wire point, including both these, was in- 
sulated, so that no electricity might pass through the latter which had not 
traversed the former also. 

426. Under these circumstances, it was found that a pale brown spot of iodine 
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was slowly formed under the decomposing platina pointy thus indicating that 
ice could conduct a little of the electricity evolved by a voltaic battery charged 
up to the degree of intensity indicated by the electrometer. But it is quite 
evident that notwithstanding the enormous quantity of electricity which the 
battery could furnish^ it was^ under present circumstances^ a very inferior in- 
strument to the ordinary machine ; for the latter could send as much through 
the ice as it could carry^ being of a far higher intensity^ L e. able to open the 
electrometer leaves half an inch or more (419. 420.). 

427. The decomposing wire and solution of iodide of potassium were then 
removed, and replaced by a very delicate galvanometer (206.) ; it was so 
nearly astatic, that it vibrated to and fro in about sixty-three beats of a watch 
giving one hundred and fifty beats in a minute. The same feebleness of cur- 
rent as before was still indicated; the galvanometer needle was deflected, but 
it required to break and make contact three or four times (297.)^ before the 
effect was very decided. 

428. The galvanometer being removed, two platina plates were connected 
with the extremities of the wires, and the tongue placed between them, so that 
the whole charge of the battery, so far as the ice would let it pass, was free to 
go through the tongue. Whilst standing on the stone floor, there was shock, 
&c. &c., but when insulated, I could feel no sensation. I think a frog would 
have been scarcely, if at all, affected. 

429. The ice was now removed, and experiments made with other solid 
bodies, for which purpose they were placed under the end of the decomposing 
wire instead of the solution of iodide of potassium. For instance, a piece of 
dry iodide of potassium was placed on the spatula connected with the nega- 
tive pole of the battery, and the point of the decomposing wire placed upon it, 
whilst the positive end of the battery communicated with the latter. A brown 
spot of iodine very slowly appeared, indicating the passage of a little electri- 
city, and agreeing in that respect with the results obtained by the use of the 
electrical machine (421.). When the galvanometer was introduced into the 
circuit at the same time with the iodide, it was with difficulty that the action 
of the current on it could be rendered sensible. 

430. A piece of fused common salt being introduced into the circuit was 
sufficient almost entirely to destroy the action on the galvanometer. Fused 
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chloride of lead produced the same effect. The conducting power of these 
bodies^ when fluids is very great (395. 402.). 

431. All these effects^ produced by using the common machine and the vol- 
taic battery^ agree therefore with each other^ and with the law laid down in 
this paper^ and also with the opinion I have supported^ in the Third Series of 
these Researches^ of the identity of electricity derived from different sources. 

432. The effect of heat in increasing the conducting power of many sub- 
stances, especially for electricity of high tension, is well known. I have lately 
met with an extraordinary case of this kind, for electricity of low tension, or 
that of the voltaic pile, and which is in direct contrast with the influence of 
heat upon metallic bodies, as observed and described by Sir Humphry Davy^. 

433. The substance presenting this effect is sulphuret of stiver. It was 
made by fusing a mixture of precipitated silver and sublimed sulphur, re- 
moving the film of silver by a file from the exterior of the fused mass, pulver- 
izing the sulphuret, mingling it with more sulphur, and fusing it again in a 
green glass tube, so that no air should obtain access during the process. The 
surface of the sulphuret being again removed by a file or knife, it was con- 
sidered quite free from uncombined silver. 

434. When a piece of this sulphuret, half an inch in thickness, was put 
between surfisices of platina, terminating the poles of a voltaic battery of twenty 
pairs of four-inch plates, a galvanometer being also included in the cir- 
cuit, the needle was slightly deflected, indicating a feeble conducting power. 
On pressing the platina poles and sulphuret together with the fingers, the con-, 
ducting power increased as the whole became warm. On applying a lamp 
under the sulphuret between the poles, the conducting power rose rapidly 
with the heat, and at last the galvanometer needle jumped into a fixed posi- 
tion, and the sulphuret was found conducting in the manner of a metal. On 
removing the lamp and allowing the heat to £Edl, the effects were reversed^ 
the needle at first began to vibrate a little, then gradually left its transverse 
direction, and at last returned to a position very nearly that which it would 
take when no current was passing through the galvanometer. 

435. Occasionally, when the contact of the sulphuret with the platina poles 
was good, the battery freshly charged, and the commencing temperature not 

* Philosophical TraiiaactioiiA,1821, p. 431. 
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too low^ the mere current of electricity from the battery was sufficient to raise 
the temperature of the sulphuret ; and then, without any application of ex- 
traneous heat, it went on increasing conjointly in temperature and conduct- 
ing power, until the cooling influence of the air limited the effects. In such 
cases it was generally necessary to cool the whole purposely, to show the re- 
turning series of phenomena. 

436. Occasionally, also^ the effects would sink of themselves, and could not 
be renewed until a fresh surface of the sulphuret had been applied to the posi- 
tive pole. This was in consequence of peculiar results of decomposition, to 
which I shall have occasion to revert in the section on Electro-chemical De- 
composition, and was conveniently avoided by inserting the ends of two pieces 
of platina wire into the opposite extremities of a portion of sulphuret fused in 
a glass tube, and placing this arrangement between the poles of the battery. 

437. The hot sulphuret of silver conducts sufficiently well to give a bright 
spark with charcoal, &c. &c., in the manner of a metal. 

438. The native grey sulphuret of silver, and the ruby silver ore, both pre- 
sented the same phenomena. The native malleable sulphuret of silver pre- 
sented precisely the same appearances as the artificial sulphuret. 

439. There is no other body with which I am acquainted, that, like sul- 
phuret of silver, can compare with metals in conducting power for electricity 
of low tension when hot, but which, unlike them, during cooling, loses in 
power, whilst they, on the contrary, gain. Probably, however, many others 
may, when sought for, be found. 

440. The proto-sulphuret of iron, the native per-sulphuret of iron, arsenical 
sulphuret of iron, native yellow sulphuret of copper and iron, grey artificial 
sulphuret of copper, artificial sulphuret of bismuth, and artificial grey sul- 
phuret of tin, all conduct the voltaic battery current when cold, more or less, 
some giving sparks like the metals, others not being sufficient for that high 
effect. They did not seem to conduct better when heated, than before; but I 
had not time to enter accurately into the investigation of this point. Almost 
all of them became much heated by the transmission of the current, and pre- 
sent some very interesting phenomena in that respect. The sulphuret of anti- 
mony does not conduct sensibly either hot or cold, but is amongst those bodies 
acquiring conducting power when fused (402.). The sulphuret of silver and 
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perhaps some others decompose whilst in the solid state; but the phenomena 
of this decomposition will be reserved for its proper place in the next series 
of these Researches. 

441. Notwithstanding the extreme dissimilarity between sulphuret of silver 
and gases or vapours^ I cannot help suspecting the action of heat upon them 
to be the same^ bringing them all into the same class as conductors of elec- 
tricity^ although with those great differences in degree^ which are found to 
exist under common circumstances. When gases are heated^ they increase in 
conducting power^ both for common and voltaic electricity (271.); ^^^ ^^ ^^ 
probable that if we could compress and condense them at the same time^ we 
should still further increase their conducting power. Cagniard db la Tour 
has shown that a substance^ for instance water^ may be so expanded by heat 
whilst in the liquid state^ or condensed whilst in the vaporous state, that the 
two states shall coincide at one point, and the transition from one to the other 
be so gradual that no line of demarcation can be pointed out^ ; that, in fact, 
the two states shall become one; — ^which state presents us at different times 
with differences in degree as to certain properties and relations; and which 
diffeences are, under ordinary circumstances, so great as to be equivalent to 
two different states. 

442. I cannot but suppose at present that at that point whei'e the liquid and 
the gaseous state coincide, the conducting properties are the same for both ; 
but that they diminish as the expansion of the matter into a rarer form takes 
place by the removah of the necessary pressure ; still, however, retaining, as 
might be expected, the capability of having what feeble conducting power re- 
mains, increased by the action of heat. 

443. I venture to give the following summary of the conditions of conduc- 
tion in bodies, not however without fearing that I may have omitted some 
important points. 

444. All bodies conduct electricity in the same manner from metals to lac 
and gases, but in very different degrees. 

445. Conducting power is in some bodies powerfully increased by heat, and 
in others diminished, yet without our perceiving any accompanying essential 

* Annales de Chimie, xxi. pp. 127, 17S. 
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electrical difference, either in the bodies or in the changes occasioned by the 
electricity conducted. 

446. A numerous class of bodies insulating electricity of low intensity when 
solid, conduct it very freely when fluid, and are then decomposed by it. 

447. But there are many fluid bodies which do not sensibly conduct elec- 
tricity of this low intensity; there are some which conduct it and are not de- 
composed ; nor is fluidity essential to decomposition*. 

448. There is but one body yet discovered*}* which, insulating a voltaic 
current when solid, and conducting it when fluid, is not decomposed in the 
latter case (414.). 

449. There is no strict electrical distinction of conduction which can, as yet, 
be drawn between bodies supposed to be elementary, and those known to be 
compounds. 

* See the next series of these Experimental Researches. 

f It is just possible that this case may, by more delicate experiment, hereafter disappear. 

Royal Institution^ 
April 15, 1833. 
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XXI. Eocperimental Researches on Atomic fFeights. By Edward Turner^ M.D. 
F.R.S. Lond. Sg Ed.y Sec. G.S.^ Professor of Chemistry in the University of 
London. 

Received April 25,— Read May 16, 1833. 

JL HE present communication may be viewed as the continuation of an Essay 
on the Composition of the Chloride of Barium^ which was honoured with a place 
in the Philosophical Transactions for the year 1829. In resuming the subject 
after such a long interval^ I feel it right to apologize to the Society for the 
unfinished state in which that Essay has hitherto been left^ — an omission fai* 
from voluntary^ and entirely due to circumstances not subject to my own con- 
troul. In one point of view^ however^ the delay has been advantageous : it has 
afforded an opportunity to chemists to verify or correct the results contained 
in my first Essay^ and has enabled me to repeat and extend my researches. 

The object which I proposed to myself in commencing the present inquiry, 
was to re-examine some of those estimates which chemists have occasion to 
use continually as elements in their calculations^ and to confide in as the 
foundation of their doctrines. With this view I undertook to determine the 
relative accuracy of the atomic weights which the British and Continental 
chemists respectively employ ; and several circumstances induced me to begin 
by analysing the chloride of barium. Dr. Thomson, on whose experiments the 
British chemists relied, had obtained so many of his results by means of the 
chloride of barium, that any material error in the constitution of that com- 
pound would necessarily vitiate a large part of his table of equivalents ; and 
if, on the other hand, the estimate of Dr. Thomson proved to be correct, an im- 
portant error would be chargeable against Berzelius, whose numbers are very 
generally adopted on the Continent. The result of the inquiry is now well 
known : the source of fallacy, pointed out in my first communication, has been 
admitted by Dr. Thomson in the new edition of his System of Chemistry*, 
and he has accordingly changed the equivalent of barium from 70 to 68. 

* Seventh Edition, vol. i. p. 427. 
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The inevitable consequence of this change must be apparent to every one 
who is acquainted with the method of analysis so frequently resorted to by 
Dr. Thomson. Many of the experiments described in his First Principles erf 
Chemistry are now at irreconcilable variance with each other^ and^ if relied upon 
at all^ subvert the conclusions which they once appeared to establish. Nor can 
those parts of his work which are not subject to this criticism be safely applied 
to the purposes of science. His view^ for instance^ of the composition of the 
compounds of oxygen with phosphorus^ arsenic^ and antimony^ has been lately 
abandoned by himself* ; and in the course of the present Essay I shall have 
occasion to prove, that the atomic weights which he has employed for silver 
and chlorine are likewise inadmissible. His analysis of sulphate of zinc, which 
was made^ to use Dr. Thomson*s own words, ^' the foundation on which he 
endeavoured to rear the whole subsequent doctrine of the atomic weight <rf 
bodies^,** is peculiarly objectionable. Besides being vitiated by his error in 
the equivalent of barium^ the oxide of zinc was determined by a method which 
involved an error in principle^ and was in practice so complex as to be unfit 
for the extremely important object which it was intended to serve. 

Having shown that the atomic weights current among British chemists, 
though in some instances correct or sufficiently approximative, have, as a 
whole, been adopted on insufficient and fallacious evidence, I shall now lay 
before the Society an account of experiments made for ascertaining the equi- 
valents of lead, chlorine, silver, barium, and nitrogen. 

Equivalent of Lead. 

Berzbuus has made repeated and elaborate researches on the atomic weight 
of lead, and on the composition of its protoxide. His direct analysis of the 
oxide by reduction with hydrogen gas, simple as it appears, is liable to prac- 
tical difficulties, the effect of which may be distinctly traced in the varying 
results of his experiments. Calculating from the two most discordant of the 
six analyses which Berzelius has published in his last Essay on this subject:};, 
the equivalent of lead, compared to oxygen as 8, will be 103*42 in one case, and 
103-64 in the other. This difference^ considering the simplicity of the method, 

* System of Chemiatry, Seventh Edition. f Annals of Philosophy, vol. xxvi, p. 363. 

X Pooqbndobff's Annalen, vol. xix. p. 314. 
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and the large quantities of oxide subjected to analysis^ is very far greater than 
could arise in the hands of Berzelius from the mere accidents of manipulation. 
One source of error, which however he appears wholly or in great measure to 
have avoided, is the tendency of the oxide of lead to unite with the siliceous 
matter of the tube, and thus to escape reduction. Another, not improbable, 
cause of slight error is referrible to the facility with which spurious distillation 
ensues when gaseous matter passes over the surface of a hot liquid : by this 
means small quantities of lead may have been carried away by the hydrogen, 
and the loss in oxygen thereby rendered too large. Hence the probability is, 
that the real equivalent of lead is nearer to 103*64 than to 103*42. 

Seeing no chance of procuring by means of hydrogen more uniform results 
than Berzelius obtained, I selected an entirely different method, dependent 
on the quantity of sulphate of lead which given weights of metallic lead and 
protoxide of lead respectively produce. . The method consists of a few simple 
operations, which, with the requisite precautions, may be conducted with ease 
and accuracy. A solution of the best commercial acetate of lead was preci- 
pitated by carbonate of ammonia in excess, and the carbonate of lead, after 
being well washed with distilled water, was dissolved in nitric acid. From the 
nitrate, purified by repeated crystallization, the lead was again thrown down 
by carbonate of ammonia, and the carbonate reduced by black flux. The 
metal was washed, fused in a clean crucible, and poured on a clean stone : 
before being used, the superficial film of oxide was scraped oflT with a penknife. 
In the lead thus prepared I could detect no silver, copper, or other impurity ; 
100 grains of the metal, oxidized, converted into sulphate, and ignited, yielded 
to hot water a mere trace of sulphate of potash corresponding to what was 
introduced by the water and acids which were employed. 

Conversion ofmetaUic Lead into Sulphate. — The mode which I found most 
convenient for converting the metal into sulphate, was to introduce it into 
the requisite quantity of mixed nitric and sulphuric acid, diluted with an equal 
volume of water. The vessel employed for the purpose was a small bell jar, 
such as is used for collecting gases over mercury : when placed in an inclined 
position on the sand-bath, there was no danger of loss by spirting, the materials 
could be freely stirred, and the sulphate readily removed by help of a clean 
feather at the close of the process. The excess of the acids was next decanted 
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into a platinum capsule two inches and a half in diameter^ an^ expelled by 
evaporation. The sulphate of lead was then transferred to the same capsule^ and 
gently evaporated to dryness^ care being taken that some free sulphuric acid 
should be present. The capsule was then ignited by the flame of a spirit-lamp 
with a double wick^ and its weight carefully taken before and after its contents 
were removed. The sulphate of lead should not be evaporated in a crucible^ 
since otherwise the annoyance which Bbrzeuus justly complained of^ namely^ 
loss by spirting, will be felt severely: by means of a capsule this inconvenience 
is entirely avoided. When the quantity of sulphate is abundant^ it will be 
found convenient to transfer most of the salt to a crucible as soon as it is suf- 
ficiently dry to form a cake. 

To prevent floating particles of dust from falling into the capsule during the 
evaporation^ a disk of glass a foot in diameter was supported just above it, and 
the glass itself covered with a sheet of paper. Allowance was made for impurities 
contained in the water and acids. Each of these substances had been twice 
carefully distilled ; but nevertheless, when evaporated, a trace of residue might 
> be perceived : its quantity however was very minute. An ounce of nitric 
acid^ four ounces of water, and 100 grains of sulphuric acid, (being twice as 
much of each as was employed in any single experiment,) were digested for 
a whole day on the sand-bath, and the residue was evaporated and ignited^ every 
part of the operation being the same as in the conversion of lead into sulphate. 
The solid matter, consisting of the sulphates of lime and potash, amounted to 
0-03 of a grain, half of which was therefore subtracted from the weight of 
ignited sulphate of lead in each experiment. 

Another precaution^ which ought not to be neglected in delicate atomic 
researches, was suggested to me by Dr. Clark of Glasgow. In the conversion 
of lead into a sulphate^ the^ same substance is weighed in two difierent states^ 
its density in one form being 11*358, and 6*298 in the other, — a circumstance 
productive of a smaU error, which is appreciable when the difference between 
the two densities is considerable. I have always avoided this error, when it 
was of sufficient amount to affect the second place of decimals^ by using ab- 
solute instead of apparent weights^ that is, adding to the weight of each sub- 
stance in air, the weight of the air which they respectively displace. 

The quantity of sulphate of lead yielded by a given weight of metallic lead 
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IS shown by the three following experiments^ all corrections being allowed for. 
They were made after determining on the exact mode of manipnlating by several 
previous trials : — 

Lead. - Sulphate. Lead. Sulphate. 

Exp. 1.— 79-968 grains of metallic lead yielded 117097, being the ratio of 100 to 14643 

Exp. 2.— 63-257 92-607 146-398 

Exp. 3.— 92-92 136-011 146-375 



The mean of the three experiments gave 100 to 146*401 

Four experiments of the same kind^ published by Berzelius^ gave the 
following numbers* : — 



Lead 


1. 

. . 100 


2. 

. 100 


3. 

... 100 


4. 

. . 100 


Mnn. 
. 100 


Sulphate . 


. . 146-38 . . 


. 146-4 


. . . 146-44 . . 


. . 146-458 . . 


. 146-419 



I adopt the ratio of 100 to 146*41 as being the mean of the whole. 

Conversion of Oocide of Lead into Sulphate. — ^Berzelius has correctly shown 
that pure protoxide of lead cannot be prepared by decomposing the neutral 
nitrate by heat in a platinum crucible, since the crucible itself is always 
attacked, and the resulting oxide of lead intermixed with fine particles of 
platinum. To avoid this impurity, the oxide was prepared, as Berzelius re- 
commends, from the subnitrate. To a cold solution of the neutral nitrate, pure 
ammonia was added in slight excess, and the white subnitrate collected on 
a filter, and dried. It was then introduced into a covered platinum crucible, 
and was heated for a full hour by a charcoal fire in an open grate, taking care 
to maintain it at a distinct red heat, but insufficient for fusion. The oxide was 
thus obtained in a pulverulent state, quite free from platinum, and of a pretty 
lemon-yellow colour. It ought to dissolve completely and easily in cold dilute 
acetic acid, yielding a colourless solution, which, on standing, does not deposite 
any brown particles of peroxide. 

I may here mention the mode I adopt for weighing pulverulent or porous 
substances, so as to avoid the possibility of error from the condensation of air or 
moisture. The substance is well dried at the requisite temperature, and while 
hot is introduced into a small flask, . capable of holding about an ounce of 
water, and of bearing a considerable temperature without breaking. The flask 

* Annals of Fhiloflophy, voL X7. p. 96. 
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and its contents ai*e placed in the sand-bath^ and while yet hot a tight cork is 
inserted : the whole, when cold, is weighed, the required quantity for experi- 
ment gently poured out, and the flask again restored to the balance. By this 
means the weight even of a deliquescent substance may be exactly determined. 
It is necessary before the first weighing to restore the equilibrium of the air 
within the flask by a momentary removal of the cork. 

A given weight of carefully prepared protoxide of lead was dissolved in hot 
dilute nitric acid, yielding a perfectly clear colourless solution, and the lead 
was thrown down by an excess of sulphuric acid. After evaporating the clear 
liquid, and expelling the nitric acid, the precipitate was transferred into the 
platinum capsule, and the quantity of sulphate determined in the manner 
already described. I subjoin several of my results, calculated to 100 parts, with 
all corrections made : the actual quantity of oxide employed in almost every 
case exceeded 100 grains. The numerals indicate the order of time in which 
the experiments were made : — 





1. 


2. 


3. 


4. 


6. 


6. 


Oxide 


. . 100 


. . 100 . . 


.100 


. 100 


. . 100 . . 


. 100 


Sult>hate . 


. . 135-84 . 


. 185-71 . . 


. 135-84 . . 


. 185-75 . 


. . 135-79 . . 


. 185-78 



On comparing the second with the first and third experiments, it was mani- 
fest that there was some source of fallacy, since the difference was fully twice 
as great as I expected to arise from mere error in manipulation. I speedily 
traced one error by finding, in the second experiment, that some nitrate had 
escaped decomposition, and by ignition had been left as oxide. This was 
indicated by a yellow stain, and was proved by digesting the ignited sulphate 
with dilute nitric acid, when lead was readily taken up. This inconvenience 
was effectually avoided in the later experiments, by carefully expelling the 
nitric acid before bringing the precipitate into the capsule, and moistening it 
with a distinct excess of free sulphuric acid during evaporation. 

Another fallacy, which aflfects all the results above quoted, arose from traces 
<^ red lead remaining in the oxide and eluding detection by being decom- 
posed in the hot, rather strong dilute nitric acid which was used as the solvent. 
I was led to suspect this error by the escape of globules of gas while the oxide 
was dissolving ; and accordingly on taking up a portion in cold acetic acid, 
the peroxide was readily brought into view. It was this circumstance which 
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induced me to express a belief^ in a ghort report of these experiments to the 
British Association last June^ that the equivalent of lead would be found rather 
higher than was then stated. Subsequent observation has justified that state- 
ment. Some pure protoxide of lead was prepared as before^ and was then a 
second time kept at a red heat for a whole hour : it dissolved completely in 
cold dilute acetic acid; and 164*766 grains^ treated as in the preceding experi- 
ments^ yielded 223*943 of sulphate^ being in the ratio of 100 to 135*92. Every 
part of tMs experiment was successfully performed^ and I therefore confide in 
it as representing the true constitution of sulphate of lead. It is accordingly 
composed of. 

Protoxide of lead . . 164*766 grs. . . 100 . . 73*575 
Sulphuric acid ... 59*177 grs. . . 35*92 . . 26*425 

223*943 135*92 100000 

Assuming, agreeably to the experiments already described (page 527), that 100 
parts of metallic lead yield 146*41 of the sulphate, or that 100 of the sulphate 
contain 68*301 of metallic lead, it follows that the oxide consists of 

Lead 68-301 . . . 103*6 

Oxygen .... 5*274 ... 8 



73*576 111*6 

The equivalent of lead, according to these results, may be safely estimated 
at 103*6. It cannot be so high as 104, as is supposed by some British chemists ; 
for according to the numbers current in this country, 100 of metallic lead 
ought to yield 146*16 of sulphate, instead of 146*41 found experimentally; 
and agreeably to the same estimates, 100 of the protoxide of lead should yield 
135*72, instead of 135*92, the experimental quantity. 

Equivalent of Chlorine. 

The most conclusive experiments I have met with on this subject, are those 
of Bbrzblius. He obtained from 100 parts of chlorate of potash 39*15 of 
oxygen and 60*85 of chloride of potassium ; and he also found that 100 of 
chloride of potassium correspond to 192*4 of chloride of silver. According to 
my own experiments, which coincide very closely with those of Berzbuus, 
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100 parts of silver yield 132*8 of the chloride. From these data it follows that 
the equivalent of chlorine is 35*45. 

Chloride of Lead. — ^To compare with this number the equivalent of chlorine 
deduced by a different process^ some pure carbonate of lead was dissolved in 
muriatic acid diluted with boiling water^ and the purity of the chloride ensured 
by repeated crystallization. The dry crystals were then fused in a tube filled 
with dry chlorine gas ; and while the chloride was yet warm, the chlorine was 
displaced from the tube by dry carbonic acid gas. The resulting chloride of 
lead was colourless, and dissolved completely in hot water. The analysis was 
performed by decomposing the solution of chloride of lead by carbonate of 
soda, acidulating the clear solution with nitric acid, and precipitating with 
nitrate of silver. The carbonate of lead, after being washed, was dissolved in 
acetic acid, and tested for chlorine. The quantity of chlorine was inferred 
from the quantity of chloride of silver, and that of lead from the quantity of 
chlorine. After a few repetitions I obtained uniform results, and subjoin the 
proportions of the two most successful experiments : 

1. 2. 

i ^ > I '^ "I 

Lead 19*582 .... 1036 23-099 .... 1036 

Chlorine 6-708 .... 35-48 7-901 .... 35*43 

These results, then, give an equivalent for chlorine closely agreeing with 
that calculated from the analysis of chlorate of potash as above quoted from 
Berzblius. They are, at the same time, entirely inconsistent with the atomic 
weights current in this country. For, supposing 104, 36, and 110 to be the 
respective equivalents of lead, chlorine, and silver, it follows that 100 parts of 
the chloride of lead should yield 104-28 parts of chloride of silver, instead of 
103'24 as given by experiment, — ^a difference very far beyond the reasonable 
limits of error. 

Oxide of Mercury. — ^Wishing to obtain still further evidence respecting the 
ratio of the atoms of chlorine and oxygen, I determined on performing a care- 
ful comparative analysis of the binoxide and bichloride of mercury. I at first 
employed some red oxide prepared by myself from the nitrate ; and though the 
analyses made with that substance are subject to a slight error, yet as the side 
on which the error lies is apparent, it will not be unprofitable to record them. 
A quantity of oxide of mercuiy was decomposed in a porcelain retort by a red 
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heat^ and the mercury was received in distilled water. It was well boiled suc- 
cessively with muriatic acid^ potash^ muriatic acid^ and distilled water. The 
pure metal was oxidized by very pure nitric acid, and the nitrate decomposed 
by heat, the temperature at the last being urged so fully to a decomposing 
heat, that some metallic mercury sublimed. This was done to decompose 
every trace of nitric acid, and it succeeded to a very great extent ; but when 
considerable quantities of the oxide,, such as 150 grains, were decomposed by 
heat, the sublimed mercury exhibited a faint yellow ring, indicative of a small 
quantity of nitric acid. Even digestion with a solution of potash did not pre- 
vent this appearance. 

The method of analysis was by the direct action of heat. A given weight of 
the red oxide, previously exposed to a heat of 600^ to expel all trace of metallic 
mercury, was introduced into a tube of German glass, five eighths of an inch 
wide, and about ten inches in length ; and the oxide was decomposed by the 
flame of a spirit-lamp, the remainder of the tube being kept cool by moistened 
paper. The gas as it escaped passed through a bent narrow tube, containing 
pieces of silver, and ultimately passed over a surface of gold«leaf : this tube 
was weighed at the beginning and close of each experiment, but in general the 
quantity of mercury conveyed into it was not appreciable. When the decom- 
position was complete, the tube was filled with dry carbonic acid gas, and the 
metal was again distilled. The subjoined numbers contain the results of two 
experiments performed after acquiring experience in the manual part of the 
method by several previous trials : 

1. 2. 

i ^ ^ t '^ > 

Mercury 144-806 grs. . . . 200-768 125-98 grs. . . . 199-968 

Oxygen 11*54 grs. . . . 16 10'08 grs. ... 16 

The figures at the left hand of each bracket indicate the quantities actually 
observed. The oxide employed in the two analyses was prepared at different 
times. Neither portion was wholly free from nitric acid ; and hence it is ap- 
parent, as the loss was thereby rendered greater than it ought to be, that the 
real equivalent x)f mercury must exceed 200*768. 

I next proceeded to analyse peroxide of mercury prepared by heat ; and for 
that purpose a number of pure scales was selected from among a large sample 
of commercial oxide. On exposure to a temperature of 600^, a portion of me- 
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tallic mercury was expelled^ and the colour of the oxide brightened; indeed^ 
every specimen of oxide which has fallen into my hands contained some free 
mercury^ separable by heat^ and due^ I presume, to the deoxidizing agency of 
light. A similar remark was made some years ago by Professor Daniell. 
The sample^analysed contained likewise 0*01 per cent, of fixed matter, which 
was silica or peroxide of tin coloured by iron, together with a little lime. 
Allowance was of course made for it. The following is the result of two care- 
ful analyses : 

1. 2. 

i ^ > I ^ ^ 

Mercury 173-561 grs. . . . 200*94 114-294 grs. . . . 200-93 

Oxygen 1382 giB. . . . 16 9101 grs. . . . 16 

From this it would seem that the equivalent of mercury is not 200 as com- 
monly believed by British chemists, but about 201. For the moment, I adopt 
this number, and will revert to the subject afterwards. 

Bichloride of Mercury. — ^The corrosive sublimate of commerce was purified 
by repeated crystallization from distilled ^ater, and was then well dried at its 
subliming temperature. It might in that state be sublimed without giving 
any trace of humidity. Of this chloride 1 37'595 gniins were dissolved in warm 
water, and directly decomposed by nitrate of silver ; and the chloride of silver 
was washed with water acidulated with nitric acid, and amounted in the fused 
state to 144*374 grains, equivalent to 35*659 of chlorine. The bichloride of 
mercury would hence seem to be composed of 

Mercury 101*936 . . . 201 

Chlorine 35*659 . . . 70*31 

giving 35*16 as the equivalent of chlorine. This result led me to suspect some 
imperfection in the method of analysis ; and I accordingly found that some of 
the bichloride of mercury is apt to combine with the chloride of silver, and 
being expelled when the latter is fiised, a loss of chlorine is occasioned. To 
avoid this error, the bichloride was decomposed by lime, which was prepared 
from Carrara marble, and was quite free from muriatic acid. The requisite 
quantity of lime, previously slaked, was mixed with a little warm vt^ter, and 
the solution of a known weight of corrosive sublimate gradually added, shaking 
the mixture after each addition. After a short digestion and filtration, the 
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liquid was neutralized by nitric acid, and the chlorine determined by nitrate 
of silver in the usual manner. Every trace of muriatic acid may thus, without 
the necessity of boiling the materials together, be transferred to the lime and 
rendered soluble, while the oxide of mercury, of an orange colour, is left with 
the excess of lime. In this way I obtained the three following ratios :— - 
1. 2. 3. 



Mercury .... 113-441 . . 201 .... 113149 . . 201 .... 112-535 .... 201 

Chlorine .... 39-748 . . 70-428 .... 89-723 . . 70-665 .... 89-433 .... 70-43 

According to these results we obtain 35^214, 35*28, 35*26 as the equivalent of 
chlorine. 

CahmeL — ^The proto-chloride, though much more stable than the protoxide 
of mercury, is very subject to change. I believe it is impossible to sublime 
calomel without a portion being resolved into mercury and corrosive subli- 
mate ; and after washing calomel, so as to remove the adhering bichloride, the 
heat subsequently required for rendering it quite dry causes a fresh production 
of corrosive sublimate. I selected for analysis the pulverulent white calomel 
prepared by Mr. Howard, and dried it by exposure to a continued heat of 
300° Fahr. ; at which temperature it undergoes no appreciable decomposition, 
and contains only a trace of moisture. But that trace of humidity affects the 
ensuing results with a small error, the tendency of which is to make the equi- 
valent of chlorine smaller than it is. The following are the ratios of three care- 
ful analyses, which were made by means of lime, as in the analysis of corrosive 

sublimate. 

1. 2. 3. 

( ^ > i ^ ^ r ^ > 

Mercury .... 100048 . . 201 .... 95-154 . . 201 .... 76-565 . . 201 

Chlorine .... 17602 . . 35361 .... 16721 . , 35-32 .... 13473 . . 8587. 

It will now be convenient to compare together the numbers expressive of 
the equivalent of chlorine as determined from the four sources above enume- 
rated : these are 

From Chlorate of Fotaihi Choride Bichloride of I^otochloride of 
(Bkrxkuus.) of Lead. Mercury. Mercuiy. 

Equivalent of chlorine . . . 85-45 85-45 35-28 85-85. 

The equivalent of chlorine is thus limited by the numbers 35*28 and 35*45, 
and the mean is 35*33. Though this number has been obtsdned by four di- 
stinct methods, yet there is one element of the calculation common to all, 
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namely^ the composition of chloride of silver. Should any material error exist 
in this fundamental pointy a doubt may still be raised respecting the equivalent 
of chlorine ; but if we can rely on the constitution of the chloride of silver as 
here employed^ then I should feel no hesitation in confining the equivalent of 
chlorine within the limits which have just been assigned. . Now it happens 
that on this very question a doubt has been raised by my friend Dr. Prout^ 
whose remarks are always pertinent^ being founded on careful observation. 
Chloride of silver, a9 Dr, Prout ijiforms me^ invariably gives out muriatic acid 
at a certain stage of drying ; and he suggests whether the loss may not be suffi- 
cient to influence the atomic weight of chlorine. Into this point I have care- 
fully examined. Nitrate of silver was precipitated by muriatic acid in excess^ 
was well washed with warm water, and set to drain in a dark closet. Exposed 
to light it acquired an acid reaction ; and heated in contact with litmus-paper, 
the colour was reddened, even though not at the same time under the influence 
of light. A portion was introduced into a clean retort, and heat applied so as 
to dry it in that situation, day-light being excluded : the water which thus 
came over was quite neutral, and the chloride was at length left quite white 
and dry, without a trace of acid being lost. The same experiment was r&p 
peated with the same result. I hence consider it as certain that pure chloride of 
silver may be completely dried at 300° Fahr. without loss of any acid, if light 
and organic matter be excluded. On heating this dry and white chloride in a 
test-tube, a portion of acid sufficient to redden litmus was given out, just as 
the colour of the chloride darkened in the act of fusing. This phenomenon is 
constant. To try the amount of the loss, a quantity of pure chloride of silver 
was well dried at 300° Fahr. ; and in one experiment forty-one grains, and in 
another ninety grains, were fused in a platinum crucible. In neither case did 
the loss amount to an appreciable quantity : I could not satisfy myself that it 
reached 0*01 of a grain. In these trials, however, the dry chloride was 
corked up in the weighing flask while still warm ; for if allowed to cool in the 
open air, it absorbs a little air and moisture, and then on being fused a slight 
loss is perceptible. These experiments have been preferably made with chlo- 
ride of silver thrown down from the nitrate by muriatic acid : the results are 
similar with any pure chloride; but when precipitated by sea-salt, it is apt, 
unless very carefully washed, to retain a little chloride of sodium, and then I 
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believe the developement of acid is more easy than when the chloride of silver 
is quite pure. 

The foregoing experiments have given me the most perfect conviction that 
my estimate of the constitution of homsilver, deduced from the researches pub-^ 
lished in my lastEssay^ is in no wise Vitiated by the fact noticed by Dr. Pbout. 
But in order, on a point of so much practical and theoretical interest, not to 
omit any evidence which might elucidate the subject, I endeavoured to analyse 
corrosive sublimate by directly ascertaining the quantity of mercury which it 
contains. For this purpose a quantity of grain tin was oxidized by nitric 
acid, and the resulting oxide, after being washed and ignited, was reduced by 
charcoal. The pure tin, after being granulated and washed^ was dissolved in 
strong muriatic acid. The solution was colourless and transparent, and an 
excess of acid was added to it. The reduction of the bichloride was thus 
effected. A given weight of the compound was dissolved in a small quantity 
of hot water acidulated with tnuriadc acid, and the protochloride of tin, like- 
wise hot, was added in excess. A tube twelve inches long, surrounded by a 
moist cloth, was then attached to the flask containing the mixture, and ebul- 
lition was kept up for a few minutes, the extremity of the tube being closed by 
the finger. This precaution was taken in order to prevent, as far as possible, 
loss of mercury by the ebullition which is required for collecting together the 
finely divided metal. Most of the mercury was thus obtained in one bright 
globule : it was fully washed by tepid water acidulated with muriatic acid, and 
the decanted washings were set aside till the suspended particles had subsided. 
The mercury was ultimately collected on a double filter, which was dried 
under a bell-jar with a vessel of sulphuric acid, the air at the close being rari- 
fied. The two most successful experiments supply the following numbers : — 





1. 


3. 


Mercury . . . 
Chlorine . . . 


. . . 44-782 . . 201 . . . 
. . . 15-90 . . 71-366 . . . 


. . . 7309 . . 201 
. . . 25-97 . . 71-418, 



I should be unwilling to adduce these experiments as giving an exact view 
of the composition of corrosive sublimate, because the chlorine is inferred from 
the quantity of mercury collected, and the mercury is obtained by a method 
in which a small loss is, I believe, unavoidable. They answer the purpose, 
however, which they were intended to serve. For in giving 35*67 as the equi- 
valent of chlorine, they show the highest practicable number ; because, since 
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the mercury obtained was pure and dry, its quantity could not represent less 
than was present in the compound subjected to analysis. It may have con-* 
tained more, but not less mercury than was collected ; and any quantity to 
be added to that above given would proportionally diminish the quantity of 
chlorine. Thus, if these analyses are at all trustworthy, they prove that the 
equivalent of chlorine may be less than 35*7^ but that it cannot be greater. 

There seems, therefore, to be no reason to call in question the methods 
which have been used to find the equivalent of chlorine. The real number, 
as above stated, is to be sought within a range extending from 35*28 to 35*45. 
This range may be much narrowed by facts supplied by other experiments. 
Were 35*35 assumed as the equivalent of chlorine, 10778 would be the equi- 
valent of silver, deducible from the composition of chloride of silver ; but this 
number for silver is inconsistent with the analysis of nitrate of silver to be 
afterwards mentioned, and consequently the hypothesis which led to it is in- 
admissible. By a similar line of reasoning the equivalent of chlorine may 
be brought within the limits 35*4 and 35*45. I am disposed to select 35*42 as 
agreeing closely with my ovm results, coinciding with the number given in the 
most recent tables of Berzeuus, and as giving a convenient number for silver. 

Equivalent of Silver. 

It appears, at first sight, such a simple operation to prepare oxide of silver, 
and to reduce that oxide by heat, that my first attempts to ascertain the atomic 
weight of silver were made with that compound. It was soon apparent, how- 
ever, by want of uniformity in my results, that some fallacy existed ; and after 
numerous unsuccessful efforts to detect it, I abandoned the method altogether. 
The examination of sulphuret of silver was likewise begun, and subsequently 
abandoned for a similar reason. The analysis of the oxide was thought of as 
a means of comparing the equivalents of oxygen and chlorine through the 
medium of silver ; but as this object has been attained by other means, it is 
easy to infer the equivalent of silver by the constitution of the chloride. In 
the belief that 100 parts of silver unite with 32*8 of chlorine, the atomic weight 
of silver will be 10792, 108, or 108*08, according as we adopt 35*4, 36*42, or 
35*45, as the equivalent of chlorine. As the whole number has as equal a 
chance of being correct as either of the others, it may be adopted with pro- 
priety, and is certainly a very close approximation. 
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Equivalent of Barium. 

The atomic weight of barium may be calculated from my analysis of the 
chloride of barium already published in the Philosophical Transactions. Ac- 
cording to the proportions there stated, 100 parts of the chloride consist of 
65*984 of barium and 34*016 of chlorine; the equivalent of barium is there- 
fore 68'7, that of chlorine being 35*42. The analysis of Berzelius differs 
slightly from mine, giving 68*53 as the equivalent of barium. I adopt 68*7, 
as confiding in the indications of frequently repeated experiments ; but at pre- 
sent I have no other proof that this number is more exact than that employed 
by Berzelius ; it appears certain that 69 is too high^ and that 68 is too low, 
being incompatible with our analyses. 

Equivalent of Nitrogen. 

I have endeavoured to ascertain the equivalent of nitrogen by the analysis 
of the nitrates of silver, lead, and baryta. 

Nitrate of Silver, — Pure silver was oxidized and dissolved in nitric acid, and 
the concentrated hot solution set aside. In cooling, it deposited numerous 
transparent thin tabular crystals, which were fused, redissolved in water, eva- 
porated, and again kept for some time in a state of fusion. The frised nitrate 
was quite colourless, and dissolved in water without the least turbidity. It 
was analysed by solution in water and precipitation by muriatic acid ; the 
whole was transferred to a porcelain capsule, evaporated on the sand-bath to 
perfect drjmess, being protected at the same lime from dust and light, and 
was then fused. The impurity introduced by the acid and water employed in 
each analysis amounted to 0*01 of a grain, which was subtracted from the 
whole weight obtained. The following is the result of two very successful 
analyses, made after several preliminary and less satisfactory experiments : — 

1. 2. 

i ^ ^ I -^ > 

Nitrate of sUver . . . 124-892 gra. . . 100 . . 118-544 . . 97 992 gre. . . 100 . . 1185 

Pusedchlorideofailver 105-355 grs. . . 84*357 . . 100 . . 82*695 gra. . . 84389 . . 100. 

It may therefore be inferred, as a mean of these closely corresponding ratios, 
that 100 parts of the fused chloride corresponds to 118*522 of the fused nitrate 
of silver. By the analysis of chloride of silver, 100 parts contain 75'3012 of me- 
tallic silver, corresponding to 80*87 of oxide, the equivalent of silver being 108. 
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Hence 118-522 parts of nitrate of silver contain 80*87 of oxide and 37*652 
of nitric acid ; and on subtracting from this quantity of acid five times the 
oxygen of the oxide of silver, viz. 27'844, there remain 9'808 of nitrogen. 
The equivalent of nitrogen, calculated from these numbers, is 14'09. 

Nitrate of Lead. — Carefully prepared nitrate of lead was reduced to a very 
fine powder, and then dried at a temperature of 300®. It is not safe to expose 
this salt to a temperature much beyond 300® Fahr., as it is apt, when so heated, 
to suffer partial decomposition : perfect desiccation must be secured by fine 
levigation, and the continued action of a comparatively moderate heat. Known 
quantities of the salt were then dissolved in distilled water, and decomposed 
by an excess of sulphuric acid ; and the resulting sulphate was collected in 
the same manner and with the same precautions as were described in a former 
part of this Essay, (page 526-528.). The following is the result of three suc- 
cessful experiments : — 

1. 2. 3. 

t "^ > i ^ \ i "^ \ 

Nitrate of lead . . 132 gn. . . 109*312 . . 99*888 gn. . . 109*31 . . 130*122 gn. . . 109*3 
Sulphate of lead . 120*755 gn. . . 100 . . 91*38 gn. .. 100 . . 119*05 gn. . • 100. 

As a mean of these analyses, it follows that 109*307 parts of nitrate yield 100 
of sulphate of lead ; and it has already been shown that the latter contain 
73-575 parts of oxide, and 68'301 of metallic lead. From these data, and by 
the same mode of reasoning as was applied to nitrate of silver, it follows that 
14*201 is the equivalent of nitrogen. 

Nitrate 0/ Baryta. — ^This salt was prepared from the native carbonate, and 
was purified by repeated crystallization ; no impurity could be detected in it, 
. and it was especially examined, by well known tests, for lead and strontia. 
It was converted into sulphate in the same manner and with the same pre- 
cautions as were explained in the experiments with lead. It was dried by 
being reduced to a fine powder, and exposed to a temperature of 500°. 

The following is the result of three satisfactorily conducted analyses, per- 
formed after several preparatory trials : — 

1. 2. 3. 

I ■^- t r ■^- "» ( ^^^ % 

Nitrate of baryta . 92*83 gn. . . 112-C6 . . 97*38 gn. . . 111*99 . . 121*391 gn. . . 112035 

Sulphate of baryta 82*84 gn. . . 100 . . 86*955 gn. . . 100 . . 108*35 gn. . . 100. 

As a mean of these analyses it appears that 112*028 parts of nitrate yield 
100 of sulphate of baryta, which contain 65*669 of baryta and 58*8195 of 
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barium. Hence^ as in the former instances^ it may be calculated that 14*17 
i8 the atomic weight of nitrogen. It is assumed in this calculation that 68*7 
is the equivalent of barium^ and that 100 parts of chloride of barium contain 
65*984 of barium, and correspond to 1 12*18 of sulphate of baryta. 

The equivalent of nitrogen thus appears to be somewhere between the num- 
bers 14*09 and 14*2, and the mean is 14*15, which corresponds closely with 
the number selected by Berzelius from his analysis of nitrate of lead. It 
must be admitted, however, that this mode of deducing the equivalent of 
nitrogen is not a desirable one, since the slightest error in the equivalents of 
silver, lead, and barium is multiplied five times in estimating the composition 
of nitric acid. The united testimony of three independent sets of experiments 
(or rather four, including the analysis of Berzblius,) serves to diminish the 
force of this objection ; but still chemists must give a preference to the more 
direct method, founded on an exact determination of the densities of oxygen 
and nitrogen gases, such as we anticipate from the labours of Dr. Prout. 

Equivalent cf Sulphur. 

I have not yet entered upon a systematic investigation of the atomic weight 
of sulphur, but merely pui*pose, on the present occasion, to extract the infor- 
mation which flows incidentally out of the researches in which I have been 
occupied. It has been shown that 100 parts of sulphate of lead consist of 
26*425 of sulphuric acid and 73*575 oxide of lead, which last contain 5*274 
of oxygen. From these data, coupled with the known atomic constitution of 
sulphuric acid^ it follows that this acid is composed of 

Sulphur ...... 10*603 * . . 16*083 

Oxygen 15*822 ... 24 

26*425 40083 

Similarly, from the estimates above given, it follows that 100 parts of sul* 
phate of baryta consist of 34*331 of sulphuric acid and 65*669 of baryta, which 
contain 6*8495 of oxygen. Hence iit follows that sulphuric acid is composed of 

Sulphur 13*7625 . . , 16097 

Oxygen 20*5486 ... 24 

34*3310 40097. 
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These estimates agree closely with that of Berzeuus^ deduced by a similar 
method. Though in some measure subject to the criticism already referred to 
in the foregoing observations on nitrogen^ they leave no doubt on my mind of 
the equivalent of sulphur being rather more than exactly double the equivalent 
of oxygen. I hope^ however, to examine this point more narrowly on a future 
occasion. 

Equivalent of Mercury. 

The principal experiments which have been published on the equivalent of 
mercuiy are by Sefstrom and Donovan. According to three analyses of the 
red oxide of mercury by Sefstr5m, the results of which are given in the Annals 
of Philosophy*, 16 parts of oxygen unite with 20278, 202-64, 200*24 of mer^ 
cury. Donovan found the peroxide to consist of 16 parts of oxygen and 204*6 
of mercury, and the protoxide of 8 of oxygen and 194*2 of mercuiy. It is diffi- 
cult from such very discordant results to strike any mean which should be 
moderately trustworthy. Donovan's analysis of the protoxide is of no use, 
as that compound is so very unstable as to be wholly unfit for atomic re- 
searches ; and his analysis of the peroxide must certainly be erroneous, owing, 
perhaps, to his having overlooked the presence of metallic mercury in the 
peroxide which he examined. Even the analyses of Sefstrom indicate that 
the equivalent of mercury lies within the somewhat vride range extending from 
200*24 to 202*78. The number may be brought vrithin a narrower limit by 
the researches already described in this Essay. The equivalent deduced from 
the analyses of the red oxide is 200*94 and 200*93 : the three analyses of calo* 
mel, taking the atomic weight of chlorine as 35*42, give 201*28, 201*3, and 
201*57, of which the mean is 201*38, as the equivalent of mercury; and the 
numbers deducible from the three analyses of corrosive sublimate are 201*78, 
202*16, and 202*18, of which 202*04 is the mean. Thus the equivalent is in- 
cluded within the numbers 200*93 and 202*18. Moreover, it will be remem- 
bered, that on calculating the equivalent of chlorine on the hypothesis of 201 
being the real equivalent of mercury, an error was committed, which in- 
volved the alternative, either that 201 was too low, owing to a slight error in 
the analysis of the oxide of mercury, or that all the analyses of calomel and 

* iu. 865. 
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corrosive sublimate were inaccurate. The latter supposition is very much less 
probable than the former. With regard to the relative value of the experi- 
ments made with calomel and corrosive sublimate^ I rely most on the analyses 
of the latter, since it is much more stable as regards the action of heat, and 
hence more certainly obtained in a pure state than calomel. I therefore infer 
that 202 may be considered as a close approximation to the real equivalent 
of mercury. 

Before closing this communication, I will avail myself of the opportunity to 
make a few remarks on the employment of filters. In so far, indeed, as re- 
spects the experiments which have been described in the present and preced- 
ing Essay, the discussion is not very material, since most of the principal facts 
have been ascertained by processes independent of filtration ; but in reference 
to analysis in general, the subject is very important. In my own researches 
I am in the habit of determining the weight of substances collected on a filter 
in one of three different ways. One of these, introduced by Berzelius, consists 
in burning the filter in a platinum crucible, and deducting the weight of its 
ashes. This method is peculiarly applicable to the analysis of minerals, where 
such substances as silica, alumina, and lime are frequent. Even some sub- 
stances of easy reduction, such as peroxide of iron and sulphate of baryta/ 
may be safely treated in the same way ; but in these cases it is advisable not 
only, as usual, to separate the mass of the precipitate from the filter before 
setting it on fire, but to moisten both with a little nitric acid, and to ensure 
very free exposure to the air during the burning of the paper and the sub* 
sequent ignition. For such purposes I commonly use some excellent Swedish 
filtering paper, kindly procured for me by Berzelius. 

Another method is that of the double filter, introduced by Dr. Thomson, 
which I have used in all the experiments where filtration is spoken of in the 
present and former communication. Both Berzelius and Dr. Thomson him- 
self seem inclined to doubt the accuracy of this method ; and it is certainly 
liable to objection, except with certain precautions and with very compact 
filtering paper. The paper which I use for the double filter is considerably 
thicker than the Swedish paper, and of such compact texture that recently 
precipitated oxalate of lime, or sulphate of baryta thrown down by Glauber's 
salt in a neutral solution of the chloride of barium, may be filtered by it. The 
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precautions employed are these. The paper^ folded into filters^ is macerated in 
dilute nitric acid for two days^ is then fiilly washed with warm distilled water^ 
and dried at a temperature of about 212^ Fahr. After acquiring its hygrometric 
moisture^ two of the filters of nearly the same weight are poised against each 
other^ and any small difference marked in pencil on the lighter one. Before 
being used^ a pin-hole is made in the outer filter^ in order that any accidental 
imperfection in the inner filter should be made apparent. After filtration both 
filters are dried at the same temperature, and are afterwards allowed to re- 
cover their hygrometric moisture completely before removal to the balance. In 
repeated trials I have found a pair of filters to recover, after use^i their original 
relation in weight to within the lOOdth part of a grain ; nor have I ever noticed 
a greater deviation than may well be expected in every process where filtration 
is concerned. Additional testimony of the same kind will be found in my 
Essay printed in the Philosophical Tnmsactions for 1819, where, in two sets of 
experiments, the' same point is investigated by the use of double filters and by 
evaporating the precipitate to dryness without filtration. The series with silver, 
moreover, are interesting in reference to the remarks of Dr. Prout above no- 
ticed (p. 534) ; for it is manifest from those results that chloride of silver may 
be collected on paper and dried, (in my experiments the filters were dried in a 
dark, warm air-closet,) without appreciable loss of acid. 

A third method consists in employing a single filter, which is dried before 
and after filtration at some fixed temperature, as at 212^ Fahr. ; and when so 
dried is inclosed in a light silver vessel, the cover of which is tightly fitted by 
grinding. The filter may thus be deliberately weighed without absoi-bing 
moisture during the operation. In case of its being inconvenient to employ 
an unifoim temperature, the filter may be dried at a variable heat, be allowed 
to absorb hygrometric moisture, and afterwards kept at about 60^ Fahr. for 
two hours in a closed bottle, the bottom of which is covered with pulverized 
quicklime. In this method, while operating at least with paper of British 
manufacture, it is essential, more so than with the double filter, to have pre- 
viously macerated the filter in dilute acid; for all such paper, which I have 
examined, contains lime. 

I now, in conclusion, subjoin a list of the atomic weights ascertained by the 
researches described in the present communication, and add for the conve- 
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Lead . • 


JLVOMflOK* 

. . 104 . . 


Silver . . 


. . 110 . . 


Chlorine . 


. . 36 . . 


Barium . 


. . 70 . . 


Mercury . 


. . 200 . . 


Nitrogen . 


. . 14 . . 


Sulphur . 


. . 16 . . 



nience of comparison the corresponding numbers of Bbrzblius from his latest 
table of equivalents*'^ as well as those published by Dr. Thomson in his First 
Principles (rf Chemistry. 

BiUBUvi. Tuaxsm. 

103-6698 103-6 

108' 1285 108 

36-412 ..... 36-42 

68-5604 68-7 

202*6316 (Sbfstrom.) 202 

141628 1415 

160932 1609 

The equivalents fixed on by Berzblius are in general substantially the same 
as mine. I have had continual opportunities of witnessing the extreme care 
which he employs in his experiments^ as well as the fairness with which he 
reports them. His estimates^ when directly drawn from his own experiments, 
are in general very close approximations. The chief difference between us is 
in the mode of representing equivalents : Berzblius strikes a mean of his 
results, and then calculates the atomic weight to a number of decimal places, 
which, in general, far exceed the degree of approximation justified by experi- 
ment ; whereas I calculate extreme equivalents, and take the mean of them, 
rejecting all decimals which follow the first doubtful figure. Thus the two 
last decimals in his equivalent of lead are useless ; since the experiments of 
Bbrzblius leave it doubtful whether the equivalent of lead may not fall short 
of 103-55 instead of exceeding that number. This doubt respecting lead again 
operates on the equivalents of nitrogen and sulphur ; so that it is doubtful if 
the equivalents of these elements may not be smaller instead of greater than 
14-16 and 1609. 

With regard to the numbers employed by British chemists, it is apparent that 
they are in many instances inconsistent with experiment. Numbers asserted 
to be correct to a minute fraction of a unit, are found in error to the extent 
of a unit and a half, or two entire units : the equivalent of silver, for instance, 
instead of being 110, is exactly or nearly 108; and the equivalent of barium 
has been reduced by Dr. Thomson himself from 70 to 68. The atomic weights 

* Pogobitdobff's Annalen, zxi. 614. 
4 a2 
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of chlorine and lead are likewise incorrect ; and thus are found to be erroneous 
four quantities which have been employed as elements in calculating the equi* 
valents of nearly all the other elementary substances. Under such circum- 
stances^ Dr. Prout's hypothesis, as advocated by Dr. Thomson, — ^that all atomic 
weights are simple multiples of that of hydrogen, — can no longer be maintained. 
I grant most willingly, that a system of whole numbers, considered as mode- 
rate approximations, may, with advantage, be retained for the use of medical 
ii\en, students, and manufacturers ; but as the strict representative of scientific 
truth, applicable to all the purposes of science, this hypothesis is at present 
untenable. Let me not however be misunderstood : I mean simply to affirm 
that the experiments by which it has been attempted to prove the truth of 
this hypothesis are inaccurate : I may go further, and declare it to be not only 
unsupported by evidence, but to be at variance with the most exact analytic 
researches which have been conducted. I deny not that some simple relation 
subsists among atomic weights, and that their ratios may possibly be expressed 
by some simple series of numbers ; but at present no one has assigned any 
physical cause for the existence of such a relation; no such relation has hitherto 
been discovered ; nor, as appears to me, has analytic chemistry attained that 
degree of perfection which can justify any one in finally asserting or denying 
Its existence. 
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XXII. Note on a Paper by Dr. John Davy, entitled ^^ Notice on the remains of the 
recent Volcano in the Mediterranean.^^ By Charles Daubeny^ M.D. F.R.S., 
Professor of Chemistry in the University of Oxford. 

Receiyed May 13,— Read May 16, 1833. 

j»LT the request of the Council of the Royal Society^ I propose to submit the 
following remarks on a paper of Dr. John Davy's that has recently been read on 
the subject of the new volcanic island lately thrown up in the Mediterranean ; 
being desirous of directing the attention of men of science in a more par- 
ticular manner to the examination of the gases evolved by volcanos^ and like- 
wise of pointing out to them certain objections which appear to militate against 
the hypothesis^ by which^ in the communication alluded to^ the disengagement 
of nitrogen, accompanied with only half the proportion of oxygen present with 
it in atmospheric air, is accounted for. 

Nitrogen gas has not hitherto, I believe, been often observed to issue from 
volcanos in action ; but the frequent presence of ammoniacal salts amongst 
the vapours given off by them affords a fair presumption that, if looked for, the 
gas itself might be found to occur more commonly ; especially as the great 
majority of hot springs — ^whether such as are immediately and confessedly con- 
nected with volcanos, as that of Castella, near Naples, or that more numerous 
class which are supposed by many geologists (though without such direct 
evidence,) to owe their temperature to causes of an analogous nature, — co- 
piously evolve it, often in a state of purity, but sometimes, as in the specimen 
examined by Dr. Davy, intermixed with a certain proportion of oxygen *. 

Under such circumstances, the more obvious conclusion would seem to be, 

* Haying giyen the details of this sabject already, in a paper " On Thennal Waters and their 
Connexion with Volcanos/' published in the Edinburgh New Philosophical Journal, conducted by 
Professor Jahbson, for 1831, 1 will here only state that the erolution of nitrogen, which was disooTeied 
long ago by Dr. Prisstlbt at Bath, and by Dr. Pearson at Buxton, has been lately found by myself 
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that the evolution of this gas is in some way or other connected with certain 
chemical processes going on at, or near the' place of its occurrence. And 
in this point of view any account relating to the phenomenon in question 
derives an interest beyond what it would obtain according to Dr. Davy's mode 
of considering it, as being calculated in a more especial manner to afford us 
a clue to the hidden causes of volcanic action in general. 

It may therefore not appear irrelevant, if I proceed to point out certain 
objections that have occurred to me with reference to the latter portion of 
Dr. Davy's paper ; in which nothing more than the mere evolution of the gas 
is attributed to the volcano itself; whilst the absence of a portion of that 
oxygen which accompanies it in common air, is resolved into putrefactive 
processes, going on generally at the bottom of the sea, and therefore wholly 
unconnected with the particular nature of the locality. 

I would observe in the first place, that the notion of sear-water at great 
depths being wholly or partially deprived of its oxygen by animal putrefac- 
tion, &c., seems inconsistent with the general analogy of nature, since in all 
other cases there appear to be counteracting causes which restore to the air 
its purity ; and that notwithstanding the rapid diminution of light in descend- 
ing through so dense a medium as water, still the existence, at great depths, 
of Algse possessing an intensely green colour would seem to indicate, that the 
decomposition of carbonic acid is going on there as well as upon land. In- 
deed, owing to the constant circulation taking place in every mass of water, 
especially if supposed to rest upon a heated substratum, aQy influence that 
might be exerted upon the nature of the air contmned would be quickly spread 
over the whole body of the sea, instead of being limited to its inferior portions, 
where, moreover, the very existence of animals, which must imbibe this air, 
leads us to conclude, that no material difference in its quality could obtain. 

Granting even the nature of the idr contained in sea-water at the bottom 
of the Mediterranean to be such as Dr. Davy represents, I do not understand 

to take place also at Bakewell and Stony Middleton, in Derb3r8h]Te, and at Taafe's WeU, near Cardiff 
in South Wales ; — ^that I hare likewise detected it issuing from the hot springs of Mont Dor, and 
Chaudesaigues in central France, and those of St. Gervais, Connayeur, St. Didier, and Bonneval in 
Sayoy ; — and that Longchamp states its occurrence at Vichy and in all the thermal waters at the foot 
of the Pyrenees. Other instances are mentioned in the paper referred to. 
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how it can find its way to the surfiaoe^ in conseqn^ice merely of the high 
temperature to which it is subjected below. Either^ in this situation^ the 
pressure of the superincumbent mass of fluid is sufficient to prevent the con- 
version of the lower strata of water into steam^ or it is not If it be^ this same 
pressure will enable the water to retain in solution its original quantity of 
air^ or at least the greater proportion of it. If, on the contrary, there be not 
sufficient pressure for the purpose, then no doubt the water will rise up in the 
form of steam through the superincumbent mass along with the air which it 
had contained ; but as the temperature of the sea round about the volcano, at 
least near its surface, is stated by Dr. Davt not to be higher than that of the 
atmosphere, it is plain diat all the steam must become rapidly condensed, and 
when it returns to its liquid state, t)iere seems no reason why it should not 
exert its affinity for the air intermixed, and combine with it as before. 

For these reasons, amongst others, I conceive that the air which Dr. Davy 
examined cannot have been derived from sea-water, but must have originated 
from the atmosphere itself, with which this volcano, from its contiguity to 
Malta and Sicily, may with less difficulty be supposed to communicate ; and 
this is favoured by the probable upheaving of the bed of the Mediterranean 
underneath the spot at which the island made its appearance; for the proofs of 
which I may appeal to the memoir of Captain Smyth, lately published in the 
Transactions, as an Appendix to Dr. Davy's former paper on this subject. 

Now the upheaving of the bed of the sea would imply the existence of hol- 
lows or caverns underneath, into some of which, if not in immediate connexion 
with the water above, atmospheric air would doubtless find admission. 

I would also observe, that if the quantity of gas emitted bore any propor- 
tion, as Captain Swinburne states it did, to that observed in chalybeate springs, 
so constant a supply could hardly have been derived from such a source as 
sea-water ; for 100 cubic inches of pure distilled water (which holds in solution 
rather more air than sea-water will do,) only contain about one cubic inch 
and a half of nitrogen ; and in most thermal waters that have been examined, 
the evolution of this gas is much more copious than it is here represented, 
and makes its appearance in large and frequent bubbles, and not ^^ in minute 
silver threads.** 

In a word, I conceive that Dr. Davy has under-rated the interest which 
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ought to attach to the information he has afforded respecting the gases given 
off on the site of this new volcano, by explaining their composition on prin- 
ciples unconnected with volcanic action ; whereas a higher importance really 
attaches to them, if considered, as it appears they ought to be, intimately 
related to the latter train of effects. 

As, however, our estimate of his theory (at least as extended to the case of 
thermal waters,) may in part depend upon the quantity of gas evolved in a 
given time, it is to be regretted that no accurate statements of this have as 
yet, so far as I am aware, been published ; and I therefore would invite such 
men of science as may chance to be conveniently situated for such researches, 
to examine the volume of gas emitted by some of our own warm springs, as 
by those at Bath or Buxton ; which inquiry, indeed, I hope at some future 
time to undertake myself, should not the necessity for it be superseded by the 
previous investigations of others. 
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XXIII. Observations of the Comet o/Encke, made in June 1832. By Thomas 
Henderson^ Esq., His Majesty's Astronomer at the Cape of Good Hope. 
Communicated^ hy Commando/ the Lords Commissioners of the Admiralty, by 
Captain Beaufort^ R.N., F.R.S., Hydrographer to the Admiralty. 

Received May 1 7,— Read May 24, 1833. 

XH£ following observations (excepting those with the transit instrument^) 
were made with a circular micrometer^ constructed by Simms^ and applied to 
an achromatic telescope of Dollond, forty-five inches in focal length, and 
three and a half inches aperture, furnished with a portable equatorial stand, 
which can be adjusted to any latitude. By means of the horary and declina- 
tion circles, and the difference of right ascension and declination betwixt the 
comet and the nearest bright star, the telescope was readily pointed to the 
comet's place ; but when the comet got to the southward of the zenith, and 
was near the meridian, the equatorial apparatus became useless, as its sup- 
ports came in the way of the telescope : the telescope was then pointed to 
the comet according to the best estimate which the eye could make of its 
place in the heavens relatively to the neighbouring stars. The instrument was 
placed either at one of the windows of the Observatory building, or out of 
doors in a corner sheltered from the wind, where the best view of the quarter 
of the heavens where the comet was situated could be obtained. The magni- 
fying power employed was thirty-two, and the radius of the ring was found 
to be 1015 seconds of arc. 

The transit instrument by Dollond is nearly ten feet in focal length, and the 
object-glass is five inches in diameter. For observing the comet, an eye-glass, 
magnifying eighty-eight times (the lowest power which it possesses), was used. 

June 2nd. — ^The times are reckoned according to the chronometer, French, 
No. 975, which was gaining 13*4 seconds per diem on mean solar time: 
gb 44m i2« by the chronometer corresponded to 17^ 22" 6* mean time. 
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The comet was first perceived about 16^ 54"' mean time^ when it had attained 
an altitude of 6f ^ above the horizon^ the sun being then 25^ below the horizon. 
It was seen at once on directing the telescope to the position indicated in the 
Ephemeris. 
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The comet appeared as an iU-defined nebulous mass, sevei^ miButes in dia^ 
meter^ brighter towards the middle. It seemed as bright as when I saw it 
on the meridian at Edinburgh^ on November 22nd 1828^ with an achrooiatic 
telescope of thirty inches focal length and two inches apeiture ; but not. nearly 
so bright as it appeared in the beginning of December of th^ same yoar. 

Apparent places of the stars. 
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Jwe 3rd. — The times are reckoned according t^ the ebrMionieter> French, 
No. 975, which was gaining 13*4 seconds per ^m on meaix solar time : 
gh 27m 15» of the cfaronomieter corresponded to 17** 4°* 55» mean time. 
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IngreM. 


Egn*. 


Comet minus Star. 1 


M. 


Dediution. 




#/, South 

Comet, North. . . . 

♦/South 

Comet, North 

#/, South 

Comet, North. . . , 


fa m « 
9 21 52 
21 54 

9 fiS 14-5 
26 25 

9 30 15 
30 25*5 


m n 
23 13-5 
23 57 

27 42*5 • 

28 23 

31 48 

32 26 


m B 
+ 23*3 

+ t) 25*9 
+ 24-8 


/ // 
+ 21 53 

+ 22 18 

+ 21 16 



The sky was hazy^ and the comet faint Afterwards clouds came on. 

Apparent place of the star. 



Sttf. 


MmiiU 
tude. 


M. 


Declination. 


/. 


7.8 


h m s 
3 39 7-9 


O / // 

-15 21 





June 4th. — ^The times are reckoned by the assistant clock, which was losing 
47 seconds in the hour on sidereal time : O'* 17™ 0* of the clock corresponded to 
21*» 55"^ 68» sidereal time. 







Ingress. 


Kgres.. 


Comet mtmif Star. 


a. 


Dectination. 


1. J 


#5r. North 

Comet, North. . , . 
# A, South 


h m 8 

26 39-5 
26 52 
29 34 


m s 

28 1-5 

29 4 
31 8-5 


m 8 
+ 37-3 

-2 23-3 


- 7 50 
+ 18 34 


2. J 


* g. North 

Comet, North.... 

# A, South • 


33 35 
33 43 
36 18 


34 43 

35 52 

38 2 


+ 38-3 

-2 22-7 


- 8 

+ 18 20 


S.} 


* g, North 

Comet, Nortii. . . . 

# A, South 


39 53*7 
39 53 

42 24 


40 43 

41 59 
44 15*5 


+ 37-4 
-2 23-9 


- 8 17 
+ 18 1 


4. J 


* g. North 

Comet, North. . . . 
#A, South 


46 6 
46 20 
49 6 


47 35-5 

48 34 
50 34-5 


+ 36-1 
-2 23-4 


- 7 52 

+ 18 26 


6. < 


* g. North 

Comet, North. . . . 

# A, South 


52 2-5 
52 11 
54 52 


53 18 

54 23 
56 31 


+ 36-6 

-2 24-6 


- 8 24 
+ 18 


6.{ 


Comet, North 

# f , North 


1 1 28 
1 38 


3 39 
3 36-2 


-0 3-8 


- 3 3 


'•{ 


4i^ 


1 5 3 
5 4 
5 18 


6 16 

7 22 

7 22 . 


+ 33-4 
-0 7-2 


--11 7 
- 4 44 


Comet, North 

# t 





The comet had nearly the same appearance as on the 2nd. 

4b2 
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Apparent places of the stars. 



Stan. 


^^ 


XL 


Declioatioii. 


a 


8 

8.9 

9 


b m a 
3 34 29*4 
3 37 29*8 
3 35 9*4 


-16 30 20 
16 56 40 
16 37 2 


h 


f 





June 5th. — ^The times are reckoned by the assistant clock, which was losing 
4*8 seconds in the hour on sidereal time : l** 4™ 0" of the clock corresponded 
to 22^ 47™ 43»-5 sidereal time. 







Ingress. 


Egress. 


Comet minut Star. 1 


M. 


Declination. 


1. 1 

2. 1 

3. 1 

4. 1 

5. 1 

6. 1 

7. { 


#*, North 

Comet, South 

**, North 

Comet, South 

**, North 

Comet, South. . . . 

# /, South 

Comet, North 

* /, South 

Comet, Nortl^. . . . 

# /, South 

Comet, North. . . . 

* /, South 

Comet, North. . . . 


h m a 

21 42 

22 19 

26 3 

26 39 

30 24*5 
30 52 

35 43 
37 23 

40 29 
42 16 

46 18 
48 11 

52 50-5 
54 26 


m s 

23 14 

24 37 

27 28-5 

28 54 

31 41 
33 10 

37 18 
39 18 

42 12 
44 6 

48 8-5 

49 54 

54 22 
56 25 


m s 
+ 1 0-0 

+ 1 0-8 

+ 58-2 

+ 1 50-1 

+ 1 50-5 

+ 1 49-2 

+ 1 49-3 


/ // 

-17 13 
— 19 
-18 32 
+ 22 40 
+ 22 32 
+ 22 28 
+22 20 





Apparent places of the stars. 


Stars. 


Magni. 
tudie. 


JR. 


Declination. 


h 


8 
8 


h m s 
3 29 32-0 
3 28 37-2 


e / // 

-18 26 7 
19 6 34 


I 





On June 6th and /th the weatiier prevented any observations being made. 

June 8th. — ^The times are reckoned by the assistant clock, which was losing 
2*4 seconds in the hour on sidereal time : 0^ 23™ 0" of the clock corresponded 
to 21^» 38™ 9^2 sidereal time. 
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Ingress. 


Egress. 


Comet mmut Star. 1 


JR. 


DeclinatioD. 




# m. North 

Comet, South 

#», North 

# m. North 

Comet, South. . . . 
#», North 

Comet, South. . . . 
#11, North 

Comet, South. . . . 

# n. North 

# 0, North 

Comet 


h m 8 
24 53 

27 15 

28 52 

32 38-5 

35 7 

36 35 

48 18 
50 59 

55 28 
57 58 

1 5 38 

1 11 24 

22 


m 8 
25 45 
28 35 
31 12-5 

33 23-5 
36 13 
38 53-5. 

50 28 
52 6*3 

57 25 
59 19*5 
8 6-5 

13 47 
24 13 


m 8 
+ 2 36-3 

- 2 7-1 
+ 2 39-3 

- 2 4-0 

- 2 9-6 

- 2 12-1 

- 10 25-9 

-10 31-3 


/ // 
-30 9 

-20 3 
-31 19 

-21 31 
-23 24 
-24 40 


#0 





Apparent places of the stars. 



Stars. 


MagnU 
tude. 


JR. 


Dedination. 


m 


7 

7.8 

7 


h m 8 
3 12 14-5 
3 16 57-6 
3 25 11-4 


e / // 
-24 44 10 

24 54 3 

25 11 26 


n. 


0. .,.• 





The comet was not again visible till the 23rd, owing partly to the weather, 
and partly to the moonlight, which obliterated the light of the comet even 
when the sky was clear. 

June 23rd. — The times are reckoned by the assistant clock, which was losing 
5"5 seconds in the hour on sidereal time : 1^ 53™ 0^ of the clock corresponded 
to l"" 6™ 8*'6 sidereal time. 







Ingress. 


Egress. 


Comet n«m« Star. | 


M. 


DecUnatioD. 


■•{ 

2.^ 


Comet, South 

* p, South 

* q. South 

* r. North 

Comet, South 

* p. South 

* q, South 

« r. North 


h m 8 
18 25 
23 34-5 
26 4 
28 34 

39 40 
44 36-5 

47 7 
49 54 


m 8 
21 15 
27 14 
29 40-5 
32 43 

42 20 
48 35 
51 4-5 
53 48 


m 8 

- 5 34-0 

- 8 2-3 
-10 48-8 

- 5 35*5 

- 8 5-7 
-10 51-2 


/ // 

- 3 27 

- 3 10 
-17 58 

- 6 10 

- 6 1 
-20 53 
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The comet was much fainter than when last observed. It was not visible 
in the telescopes of the meridian instruments^ the twilight having commenced. 

Apparent places of the stars. 



Stan. 


Mtffni- 
tude. 


JBi. 


Declltiatioii. 





7 

7.8 

6.7 


fa m 8 
26 13-9 
28 42-9 
31 29-3 


o / // 

-69 7 86 
59 7 48 
£8 53 8 


flf. . 


«(•• •••• •••• •••• 





On June 24th and 25th the weather was unfavourable. 

June 26th. — ^The times are reckoned by the assistant clock, which was losing 
57 seconds in the hour on sidereal time t 1*^ 31™ 0" of the clock corresponded 
to 0** 56°* 59« sidereal time. 





Ingress. 


Eg«* 


CooMt mtma Star. 1 


^. 


Declination. 


**, North 

#^, Nortih 

* «9 South 

Comet, Nortih .. 


h m 8 
23 30 

23 33 

24 27 
26 35 


m 8 

27 35 

28 21 
28 15 
31 5 


m 8 
+ 3 17-6 
+2 53-1 
+2 29-0 


/ // 
- 3 27 

+ 16 13 



The comet was fainter than .on the 23rd. It was not seen in the transit 
telescope as it passed the meridian. It is probable that a mistake was com- 
mitted in setting the telescope. 

Apparent places of the stars. 



Stars. 


tude. 


JR. 


Declination. 


^.•.•••••...•.. 


7 
7 
7 


h m 8 
23 12 29*1 
23 12 49-0 
23 13 14-1 


-^2 12 36 
—62 20 22 
-62 32 46 


t 


u , ,; 





June 27th. — ^This day's observations are reckoned by a clock of Molyneux, 
losing 10*6 seconds in the day on mean solar time. At 16^ 30°^ by the clock 
it was 3<" 28''6 slow of mean time. 

The following observation of the comet's passage through the field of view 
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af the tcaaait tekscape was made b^^ ti&e assistant astroiicniier, LientenanC 
W» Meadows^ BuN. Not the slightest illuminatioa could be permitted : the 
whole room had to be darkened to allow the contet being seesu The wites of 
the transit instrument were completely invisible. 
The comet was not perceived till it had entered the field of view. 

h m « 

At 16 26 12 it was estimated that the comet was in the middle of the field 

of view. 
At 1 6 30 18 the preceding edge of the comet passed out of the field. 
At 16 afi Sd tiie whole was gone. 

The telescope was set to 62P 48' of south declination^ and the comet passed 
along the middle of the field* 

The correction of the transit instrument for its deviation from the meridian^ 
at the cometV parallel, was 1*^1 second additive ; and the time employed by an 
equatorial star in passing from the middle wire till its disappearance from the 
field is 126*9 seconds of sidereal time, for the eye-glass which was used. 

The comet was not seen in the telescope of the mural circle. 







Ingress. 


Egress. 


Comet mmut Star. 1 


A. 


DeeUoiaDB. 


4 


lie ff 


h la s 

16 43 39 

49 2 

: 17 4 5 

3 42 

^ 5 38 

10 32 


m 8 
48 32 
53 12 

; 6 34 

8 2a 
10 M 
14 53 


m a 

+ 6 38-3 
+ 4 43-5 


\ 

1 ft 

-.2* 3 
-11 20 
- 2 43' 


* y 

Comet 

muff^oA 

* Xf North 

* y, South 

Comet, South . . 



The comet was very faint, and it was very difficult to estimate its centre* 

Apparent places of the stars. 



Stars. 


Magni- 
tude. 


A. 


Declination. 


tf? 


7.8 
7.S 

7.8 


22 46 150 

22 47 1-6 
22 48 55-3 


-^2 33 47 
62 44 55 
62 52 37 


jr. , . 


V 





June 28th. — ^At the comet's meridian transit, it was sees very ftiiitly in the 
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transit telescope : thin clouds were occasionally passing. The telescope was 
set to 63^ 5' of south declination. The comet was not detected till it was con- 
siderably advanced in the field of the telescope. 

Tune hf tnnait dock, 
h m 8 

22 38 35. Comet's centre was estimated to go out of the field. 
22 39 4. A star of the 8th magnitude went out of the field. 
22 39 32. Another of the same magnitude went out. 

The comet was two or three minutes to the south of the first star. 

The transit clock was 1°^ 17**5 fast of sidereal time; and the correction of 
the instrument and the distance of the extremity of the field from the middle 
wire were the same as stated yesterday. 

The comet was seen still more faintly in Dollond*s telescope with the cir- 
cular micrometer ; but owing to its faintness, and the passing clouds^ it was 
impossible to make any observations. 

It is to be regretted that the two stars seen in the transit telescope were not 
identified and observed at the proper season^ as they would have afforded an 
approximation to the comet's declination. It is likely that they will still be 
observed. 

June 29th. — I suspected that I saw the comet in Dollond's telescope ; but 
so extremely faint that any attempt at observation was hopeless. Clouds at 
meridian transit. 

July 6th. — ^The comet was not visible in the transit telescope at its meridian 
passage^ though tbe sky was clear. It was no more looked for. 



The positions of the stars above given have been determined from observa- 
tions made in this observatory. The stars a, h^ c and e, are in Bessel's Zone^ 
No. 271, 

Magn. t, ) 

a . . . 7 • . . 3 43 37-50 . . - 1 2 27 425 
6 . . . 5 . . . 3 37 5016 ... 12 37 47 
c . . . 8 . . . 3 42 1814 ... 12 29 401 
e . . . 7 . . . 3 47 0-50 ... 12 34 416 
6 is T Eridani, No. 415 of the Astronomical Society^s Catalogue ; d is No. 217 
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and e No. 222 of the Constellation Eridanus in Bode*s Catalogue ; / is in 
Bbssel*8 Zone No. 262, 7-8 magnitude, r = 3^ SQ"^ 33»-98 ; i = — 14^ 69' 3"-6 ; 
g, A, t, n and o are in the Histoire Celeste Fran^aise, 

Magn* 

. 8 . 



g, page 478 
-657 



h 
n, 

0, 



563 



8.9 
9 

7.8 
7 



Middle wire, 
h m B 

3 33 15-5 . 


Zenith dittance. 

. . 65 23 27 


3 36 16-3 . . 


. 65 49 30 


3 33 56 . . 


. 65 30 7 


3 15 530 . . 


. 73 47 4 


3 24 7-4 . 


. 74 4 5 



r is in La Caille*8 Coelum Australe Stelliferum, Zone XII. 3l8t of August 1751, 
in parte inferiore reticuK, 6.7 magnit. 

h m 8 

22 in 

30 33J 

In computing the differences of right ascension and declination bett^ixt the 
comet and stars, allowance has been made for the corners motion throughout, 
and for the effect of refraction for the observations preceding June 23rd. For 
the observations of that and subsequent days, the effect of refraction has been 
disregarded^ as insensible. The sign + denotes the comet to be more ad- 
vanced in right ascension than the star, or to the northward of it ; the sign — 
the contrary. 

From the observations, the following positions of the comet, cleared of re- 
fraction and parallax, have been computed. They are therefore the apparent 
geocentric places of the comet. 



Ni. 


Date. 


Mean time. 


JR. 


Declinatioii. 




1832. 


h m 8 


h m 8 


» / // 


1 


June 2 


17 18 31 




- 12 46 57 


2 


»9 


17 22 6 


3 43 35-0 




3 


3 


17 4 55 


3 39 3M 


14 38 46 


4 


4 


17 23 41 


3 35 4-2 


16 39 19 


5 


5 


17 23 52 


3 30 27-5 


18 44 28 


6 


8 


16 47 29 




25 16 40 


7 


f> 


16 53 32 


3 14 46 




8 


S3 


17 46 4 


20 38-7 


59 12 11 


9 


26 


17 33 36 


23 15 44-6 


62 16 4 


10 


«7 


16 29 21 


22 54 14-0 




11 


99 


17 5 24 


22 53 49-2 




12 


99 


17 16 11 




62 55 34 


13 


28 


16 3 56 


22 32 41-8 





MDCCCXXXIII. 
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The positions Nos. 10 and 13 are deduced from the observations of the 
egress of the comet's centre from the field of the transit telescope ; the others, 
from the observations with the circular micrometer. 



Observatory^ Cape of. Good HopCy 
March 8, 1833. 
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XXIV. — On the development of the disturbing Function, upon which depend 
the inequalities of the motions of the PlcmetSj caused hy their muttuil atirac- 
tion. By James Ivory, K.H., M.A., F.R.S., Instit. Reg. Sc. Paris. Corresp. et 
Reg. Sc. Gottm. Corresp. 

Recehned May dO»— Read Jtme 20, 1833. 

The perturbatioiis of the planets caused by their mutual attraction depend 
chiefly upon one algebraic expression, from the develoimient of which all the 
inequalities of their motions are derived. This frinction is very complicated, 
and requires much labour and many tedious operations to expand it in a series 
of parts which can be separately computed according to the occasions of the 
astronomer. The progress of physical astronomy has undoubtedly been re- 
tarded by the excessive length and irksomeness attending the arithmetical 
calculation of the inequalities. On this "Mibject astronomers generally and 
continually complain ; and that their complaints are well founded, is very aptly 
illustrated by a paper contained in the last year's Transactions of this Society. 
The disturbing function is usually expanded in parts arranged according to 
the powers and products of the excentricities and the inclinations of the orbits 
to the ecliptic ; and, as these elements are always small, the resulting series 
decreases in every case with great rapidity. No difficulty would therefore be 
found in this research, if an inequality depended solely on the quantity of the 
coefficient of its argument in the expanded function ; because the terms of the 
series decrease so fast, that all of them, except those of the first order, or, at 
most, those of the first and second orders, might be safely neglected, as pro- 
ducing no sensible variation in the planet's motion. But the magnitude of an 
inequality depends upon the length of its pferiod, as: well as upon the coefficient 
of its argument. When the former embraces a course oi many years, the latter, 
although almost evanescent in the differential equation, acquires a great mul- 
tiplier in the process of integration, and thus comes to have a sensible effect 
on the place of the planet. Such is the origin of some of the most remarkable 

4 c2 
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of the planetary irregularities, and in particular, of the great equations in the 
mean motions of Jupiter and Saturn, the discovery of which does so much 
honour to the sagacity of Laplace. It is not, therefore, enough to calculate 
the terms of the first order, or of the first and second orders, in the expansion 
of the disturbing function. This is already done in most of the books that 
treat of physical astronomy with all the care and fulness which the importance 
of the subject demands, leaving little room for further improvement. In the 
present state of the theory of the planetary motions, it is requisite that the 
astronomer have it in his power to compute any term in the expansion of the 
disturbing function below the sixth order ; since it has been found that there 
are inequalities depending upon terms of the fifth order, which have a sensible 
effect on the motions of some of the planets. 

A research that has for its object the lessening of the difficulty attending 
the expansion of the disturbing function, and the bringing of that expression 
more under the power of the astronomer, is one of considerable interest, and of 
some moment to the progress of physical astronomy. But the question is not 
to exhibit separately every individual argument with its coefficient, which 
would be of little utility in practice, since, although their number be infinite, 
very few of them are of any account in computing the place of a planet. The 
end to be aimed at, is to give the function such a form that the astronomer 
may have it in his power to select any inequality he may wish to examine, and 
to compute the coefficient of its argument by an arithmetical process of mo- 
derate length. The present Paper is an attempt of this kind. The investiga- 
tion comprehends every argument not passing the fifth order ; but, as the for- 
mulas are regular, the method may be extended indefinitely to any order. 

1. Let X, y, z, represent the rectangular coordinates of the disturbed planet, 
z being perpendicular to a fixed plane passing through the sun*s centre, 
at which point the origin of the coordinates is placed: in like manner let 
x', y, «' be the coordinates of the disturbing planet ; and put m' for the pro- 
portion of the mass of this planet to the sum of the masses of the sun and the 
disturbed planet ; then, R denoting the disturbing function, we shall have. 



R = m'. I 



1 JTj^-fyy-f gg^ l 



If r and r^ denote the distances of the disturbed and disturbing planets from 
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the sun*s centre ; v^ their angular distance seen at the same point ; and f ^ their 
rectilinear distance from one another, then; 

f = ^r2 — 2rr'cosa; + r^2 
R 1^ rcosflp 

It appears^ therefore, that the function to be expanded consists of two parts, 

of which — , the reciprocal of the distance of the two planets, is common to the 

disturbing functions of both ; but this is not the case with the other part, in 
which r and r' do not enter alike. For this reason it will contribute to distinct- 
ness to expand the two parts separately. But, previously, it is necessary to express 
cos u in terms of the angular motions of the planets in their respective orbits. 

If V represent the angular distance of the disturbed planet in its orbit from 
a fixed origin, and P the place of the node, that is, of the intersection of the 
orbit with the immoveable plane of xy, P being reckoned in the same plane 
and from the same origin as v, then y — P will be the angular distance of the 
planet from the node. Further, if A be the celestial arc between the node and 
the intersection of the orbits of the two planets, the distance of the planet 
from the same intersection will be equal to 

y - P - A. 
If the foregoing symbols be accented and transferred with like significations 
to the disturbing planet, the celestial arc between that planet and the inter- 
section of the orbits will be equal to 

Now w — P — A and u' — P — A' are two sides of a triangle of which the arc 
«» is the third side ; wherefore if I be the inclination of the two orbits^ we shall 
have 

cos a; = COS (u — P — A) COS (u' — P — A') . 

+ COS I sin (y - P - A) sin (t/ - P - AO, 
or^ which is the same thing, 

cos fl^ = cos2 -i- 1 . cos (u - t;' - P + P - A + A') 
+ sin2-5- I.cos(t; + t;'-P-.P- A-A'). 
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Let N be the place of the node of the disturbed planet reckoned in the im* 
moveable plane of x y^ and i the inclination of the orbit to the same plane : 
then^ if r represent the longitude of the intersection of the orbits of the two 
planets^ A will be the hypothenuse of a right-angled triangle^ of which i is one 
angle, and y — N the side adjacent to % ; wherefore 

and, by the usual methods, 

A = F — N + tan* •- sin 2 (f - N) + -j tan* ^ sin 4 (> - N), &c. ; 
and if we put 

S = tan* -^sin2 (i^ - N) + 4" tan* y sm4 (v - N),&c., 

we shall have 

P + A = F + P-N + i 

Let [P — N] be the value of P — N at some given epoch : then the differen- 
tials of N and P being rfN and cos i . liN, we shall have generally, 

P-N==[P-N]-yrfN+y'co8t\rfN = [P-N]--2y'sin*4rf^^ 

the integral being taken for the time elapsed from the epoch. It thus appears 
that P — Nmay be considered as an invariable arc, or as one subject to an 
almost insensible secular equation. In order to abridge expressions, let us now 
put 

« = [P _N] - 2yrin*4 rfN + 1; 

then 

w— P — A = w — a — f. 

If the symbols which stand for the elements of the disturbed planet be as- 
sumed, when accented, to represent the like elements of the disturbing planet, 
we shall have similarly, 

«'= [P- N'] - 2y*sin*|-rfN' + r, 
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The value of cos m will npw.be thus expressed^ 

COB A^ S cos* -5- 1 . COS (w — t/ — « + a') 

+ sin^-g- 1 . COS (u + t/ — a — a^ — 2 0* 

It remains to determine I^ the inclination of the orbits, and Vy the longitude 
of their intersection. Now I is the yertical angle of a triangle of which N — N' 
is the base^ and i and i the adjacent angles^ one being interior and the other 
exterior to the triangle : wherefore 

cosIscQsicosi' + sintsin^co8(N ^ N*). 

In the same triangle^ a perpendicular being let fall upon the base from the 
vertical angle, r — N and r — N' are the arcs between the perpendicular and 
the extremities of the base ; and hence^ 



cot(r-^^^)==^|:^.cot 



2 • 



In the method here followed, the expression of cos o^ is as simple and as little 
troublesome in calculation, as it would be if one of the orbits were adopted 
for the immoveable plane. 

2. Let Z^ s, e, at represent the mean motion, the epoch, the excentricity, and 
the place of the perihelion, of the disturbed planet at the time for which we 
are computing : if this time be neat* the epoch for which the elements have 
been assigned^ the values at the epoch may be taken as the true values ; and 
if a great interval has elapsed, the values at the epoch may be corrected by 
their secular equations. Further, put (b for the mean anomaly, 9 for the 
equation of the centre, a for the mean distance, and a{\—s) for the radius 
vector: then^ 

y = a(l-^). 

And the values of tr and «, found by the solution of Kbplbr's problem, are 
expressed by the usual series, viz. 
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13sin3fb ^Ssiufi. , « 3cos3fP — 3cosft > 

+ ^- 12 i-^- g 

, , 103 8m4f b — 44gingfP , . co84fb ^ cosgfb 

+ ^- 96 +^- 3 

1097 sin 5 ft— 645 sin 3 ft + 50 sin /t , ^ lg5co85fi^>- 135co83fi+10cosfi . 

+ ^- 960 +^ • 384 

Using always the same sjnoibols which stand for the elements of the disturbed 
planet) when accented^ to represent the like elements of the disturbing planet^ 
and introducing the new characters f> and ^ in order to shorten expressions, 
we shall have, 

u — a = 2 -(- f — a + ^ = ^ + tf 

t/-a' = ^ + i'-a' + </ = ^' + </. 

If these values, as well the values of r and r', be substituted in that part of the 
disturbing function which is more easily dealt with, we shall obtain, 

cos C0 «f o^T / I , f\l— * 

"P«- = ?5- I C0S2 — I .cos (^ - ^' + (T - ^ .^T^^yi 



rcos( 



or. 



-^:^ = j5.jcos2^I.cos(^-^).^ jrzjy " 

o 1 T . ,^ ^/v (1 — 5) sin ((T — (t') 

- cos2 2- 1 . sm (^ - «') . ^ {i^sy 

I • O ^ T /^ I ^/ o \ (*""*) COS ((T + 0^) 

+ sm2 -g-I • COS (^ + f' - 20 .^ ^T^/)r— ^ 

- sm^-g-I .COS (^ + ^' - 2f) . ' (i^ZlT t 

The inspecting of this formula is sufficient to show that the expansion of the 
part multiplied by sin^ § I is deducible without calculation from the expansion 
of the other part. For, as tf' is a series of the sines, and / a series of the cosines, 
of the multiples of (a, the former will change its sign with ft', while the latter 
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will not vary: wherefore the expansion of the part multiplied by sin^fl will 
be obtidned from the expansion of the other part^ merely by making ft' nega- 
tive^ and writing ^ + (ff — 29ia place of ^ — ^' in all the arguments. 

We have therefore only to expand the two first lines of the expression^ for 
which purpose they may be thus written : 

cos(^-^')- [(^ -*)costf X ^Jf + ( 1 - j) sin (T + ^y _ yj. I 

+ sin(?>-^0.{-(l-^)sin(rX(^, + (l-^)cosirX(^^^ 

Neglecting quantities above the fifth order with respect to the excentricities^ 
we have^ 

(1 - ^) cos(r = 1 - * - -g^ +-5- + ^- -gj-, 

(1 — ^)sm(r =(r — *(r — -g- + -^ + Y^; 
And^ if we assume^ 

(1— #)cos^ = A +A tfcosft + A ^cos2/:6... + A e^conbfr, 
(l-*)smir = B^*^esinfi. + B^*Vsin2fi,....B^*^e5sm6ft; 
we shall readily find^ 

A =1---^ B =2--g-c« + gge* 



a'-=-.-| 


<^+m 


«« 


— 4 i«*^ 


.(«) 1 «• 
A — 2 - 3 






" =«4-96«^ 


A ~ 8 32 *^ 






B =64 


.(*) 67 
^ -"129 






^(«) 77 


. (») 17 
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And^ by proceeding similarly^ 

cose' (0) , (1) , I . («) lO « f I (5) ir 

ijZT/^ = a +ar .e cos (i! + a; . e^ cos 2 fi/ . . . + a> \ e^ cos 5 f* 



» — 1 2 24 


i(02_|^ + |. 


a('>=2-|^^ + f,e'^ 


h^-'^'-l -'^.^ 


a^^) = l-LO,, 


6(')^j ^,^;v» 


«^'^=^^-fe- 




(4) 1603 
" — 19a 


,(5) 2827 
^ — 240' 


« — 12 





We can now assign any term of the expansion we are considering. Let i 
and t" be any two positive numbers^ zero included, of which the sum does not 
exceed. 5 : the part of the expansion multiplied by 6< e'' cos^ \ I will be, 

cos(^ — fr). .j A a costjMCOsr p'+B 6 6intf*sinr|E(>' > 

+ 8in(^ — ^) . < — B a sintfbcosrp Hr ^ ^ sm r /*' cos i /* > : 
and, by reduction, 

+ y^ 4 H 4 J .cos (f - p + «f* - ^f**) 

+ y^ 4 ^- 4 J .C08ip-<f/-tf*- t>0 

(.(0 (O „(0,(O ^(0 (O ,(0 .(0\ 
A a — B 6 ,Ba— &A| , ,,. .v/v 
4 -< 4 J .COS ((p -({>'-{' 1 11+ rfi/). . 
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The other part of the expansion^ that multiplied by eW eW sin^ J I, will be dif- 
ferent in no respect from the part just computed except in the arguments of 
the cosines^ which must be changed according to the rule already laid down ; 
so that^ instead of the four cosines above^ these which follow must be substituted 
respectively, 

cos (p + ^ — 2 !» — i p — r jx') 

cos (?) + <p' — 2 1^ + 1> + iV) 

cos (^ + f ' — 2 f — £ /x + ^VO 
cos (^ + ^' — 2 I' + ip — *V)- 

Every part of the expansion being comprehended in the formula, it follows 
that all the arguments will contain the mean motions of the planets, excepting 
the particular case when i = 1, £' = 1 : for, in this case, p — (ji* and f' — (I'sTt 
independent of the mean motions; and the first cosines of the two parts multi- 
plied by c el' will be, 

cos (cr — o^ — a + a') 

cos (w -f w' — 2 F — a — a'). 

These cosines have the same coefficient, viz. 

Aa-hBo Ba+Ai. 

4 4 ' 

And this will be found equal to zero, when the values of the symbols are sub-r 
stituted *. It thus appears, as far as the calculation has been carried, that 

there are no terms in the expansion of ^ except such as contain the mean 

motions and are periodical. 

3. We next proceed to the expansion of—, which is the more difficult part 
of the problem. The value of cos u, already investigated, may be thus written, 

cos d> = cos (^ — ^ + (f — (/) 

— sin2iI.|cos(^ -^' + (r — O -cos(^ + ^' + (r-f </-.20}: 
* The coefficient is equal to zero, because ar^ s b^ : and for the same reason the coefficient 

4 "•" 4 

u equal to zero. 

4d2 
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wherefore, 

D2 = r* + r^ — arr* cos (^ — ^ + <r — •), 
q=zcoa{p—^ + <r — /) — cw(<p + ^-\-tt + J — 2i), 
p! = r2 + r'2 — 2rr'cos« = D2+2 8m2fI.rr'y: 

consequently, 

y= D — 8m2 i I .-pry +4 sin* i I . -^ 92; 

and the three parts of—- must be expanded separately. 

By substituting a (I — s) and t^(l—J) for r and r', we get 

-L 1 

D =^a«(l - 5)* + a^(l -57 - 2aa'(l- «)(l - «')«» (f - ♦' + <r - O' 
and it will be found that the following equation, in partial differentials, is true, 

AO the possible values of -^ in this equation are comprehended in the for- 
mula, 

E- = GxF; 
provided F and 6 verify these equations^ 

G=^(i-.) + |°(i-y) 

We may adopt for G any particular expression which verifies its proper 
equation ; and then F will be determined by the nature of the quantity sought. 
Any function of (1 — s) and {I ^ s')of — I dimension wiU verify the equation 

for G ; and, taking the most simple case, G = jzTs' ^^ ®^*^ ^^^® 
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Now let 

I^o = ^/a2 + «'^ — 2aa'cos^^ — ^'+^-0' 
then first, if we suppose ^ = 0, ^ = 0, we get 

and again, if we suppose « = y, the result will be, 

J ii_ 1 

D — 1 - 5 • Do • 

and thus we learn that 

both when ^ = 0, ^ =s 0, and when * = 5^. From its equation we know that F 
must be a function of no dimensions with respect to (1 — s) and (1 — ^); and 
this condition, as weU as what has been shown to take place on the two fore- 
going suppositions, will be fulfilled by making F a function of (l rzr) 

= j-Erj • wherefore the expression of -jj will be as follows : 



"D^ "" 1 - 5 • A 1 - « /* 



/ being the mark of a function which, in the present case, must be equal to 

Since s and s* are small quantities, the expression of w may be expanded. 
By neglecting quantities above the fifth order with respect to s and s\ 

(0) 

In this form it is obvious that aB the coefficients may be readily found. For, 
by differentiating successivdy with respect to 6^, and supposing * = 0, ^ = 0, 
in all the results, we obtain, 

d ^ dd~ 

B -D^,B =^7, B =i:5.?i^,&c. 

But the expression is complicated ; and in order to reduce it to a more ma-^ 
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nageable form, every separate term may be resolved into a series of the powers 
and products of « and V: which being done, and the quantities of the same 
order classed together, we shall find, 

^=b'°'+B<"./ ■ +b"V +b'V +(kc.: 

-(b"'-b'°>-(b'"-b'").2,^ -(b"'-B'").3^. 

+(B'"-2B<"+B'>+(B'"-2B'VB"').sy;>' 

-(b'"-3b'"+3b"'-b"'V 
Or, in the usual notation of finite differences, 

i-^B^*'^ +b''\^ H-B^'V +B^V W.^ +&C.; 

•^AB^'^Ks ^AB^^\2s^ -AB^'\3j*s -AB^'U«"« 
+A«B^«» +A«B^'\3s'** +A«B^'U«"** 

(I) 

-A'B.«» -A'B .4^4' 

+A*B^"\,^ 

The value of j^ seems now to be reduced to its most simple form as far as s 

and sf are concerned. If it be observed that, in every term, the exponent of 
the power of J is the same with the numeral afiix of B, and the exponent of s 
the same with the index of A, it wiU appear that the whole expansion is com- 
prehended in the formula, 

A*B^'\^/;, 

/3 being the coefficient of J sin(sf— s) , and i', «, representing the several 
positive numbers, zero included, of which the sum (i' + i) does not exceed 6, 
when the expansion is limited to quantities of the fifth order. 

4. The values of the quantities B , B , &c,, are next to be investigated. 
If, for the sake of abridging, we put, 

Q = a'* ( 1 — ^) - aa? (1 — *) cos (f " ^' + IT - oO, 
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we shall get by repeated differentiations, 

'^h Q 



> 



- 1 
1 .2.3 • ds" ~ 2 • dV • D» ^" T • "D»» 



1 D _ S^^ /dQV _L I If ^ Of , 35 Q^ 

1.2.S.4 • "dT^" 8 ' \d^) •D»+4- ds TT + TD*' 

1.2.3.4.5 • rf j" ~ 8 Vds / • D' + 4 • is * D» + 8 • D"* 



Now these expressions become equal to B , B , &c., when J ^0,s = 0, that 
is, when 

57- = -^- 



Let as now put 
then. 



f=<fl-a^ A = $^!; 






ds 

and, by substituting these values in the for^;<Mng expressions, and reducing, 
we get 

»(«» L 
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^ =ib(d;+iv)+"~i6~(ds + d5^) 

T>W 8^/' , /*\ , go- 13* // , /^\ , 6y -48^ + 51 /• 
(5) 6S / 1 /» \ . I75-I40V / . /*\ . 30y-150A+135 //•_./» \ 

" =a5SVBi+B77+ — 25e~-VDo»+W+ las •W+W' 



These quantities have been deduced from the differoitials -j^, j^ • "37*' ' 

&c. If the differentials-^, -j— g . -^jr, &c., be used, the same results will 

be found, with this difference, that / and h, retaining the same numerical 
values, will both change thdr signs. 
If we write >^ for (^ — ^ + «• — «') and differentiate the formula, 

the result will be, 

Do aafcos^ , , . a*af*tia*^ 



now. 



. , fl» + a« Do* 



wherefore. 



adJL 

Do* t^ 1 n.n+1 e/* + a* n»n + a (a»~a«)« 
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whence we deduce 




r _ 




Do" + * n 


.n + 2 d^ n + 2 D* « + « 



573 



In this formula put n successively equal to I, 3, 5, 7; then 

/I _ 4 ''"^^ ± J_ . li X 
Do* "■ ~ 3 • "Jj? 3 • Do T" 3 -Do*' 

Do' — "■ 15 • dtl/» ~ 5 • Do«"^ 5 • 157' 

/' _ ± P? 5 /• . 11* /• 

D7 — ~ 35 • d4.« ~ 7 • D^ "*" 7 • D^" 

BTT— - 63 • rft|;» ■" 9 • 13^ "^ 9 • Do»* 
By means of the two first of these last formulas, we can exterminate w-5 and 

f* (S) (3) 

£p from the values of B and B ; which being done, we shall find 



"T" • Do" 



" — V4 • Do"* 2 • <f^ / '+' 

U-h \_ 9 + 2A ^^5;) ( 4A« + 9A + 9 / _!_ 1^«Y 
— \24 -Do"" 12 • d4^ / "•■ \ 24 •T5?~'l2' dtj^*"/ 



b'" 



And, in like manner, by means of all the four formulas, we may exterminate 

f* p f* p (4) (5) 

D^' C~^' D* ^^<^ D^> ^™ ^^ expressions of B and B ; and thus are 
obtained these values. 



(4) 3*« + 8A-7 1 , 3*» + 8A«+8A + 6 



B ^= - 



9« 



1 , Sy + 8A*->-8A + 6 / 
• Do + 24 • B? 



± ^^f 



_ 12AM:_32A + 77 ^ J^ f^» 1 '^''^^ 
96 • rftJ/« ■" 6 • rf*|/» "~ 32 • «ft(^ » 

MDCCCXXXIII. 4 B 
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" — m> ' 15;+ 9(jo • 15? 



1 

96 F + SOO h* + 368h + 7<i5 ""15? Iih* + i9l ^^ 



dd^ ,.« . _ dd^ 



9(J0 • dt|»» 960 • dV 



5? 1 



25-4A '^'^fo 1 ^'^^ 



3«0 • d^P* 04 • «/<»»• 

If we take the second differentials relatively to •«// in the first two of the same 

ddt^f dd^ 
four formulas, we shall obtain these values of -jrs^ oad ^ J*, viz. 

d^ 3 • d^ " 3 • dV "^ 5 ' d^ 

ll£- ± '^*^ 32* ^ 8A HjS. S«A^j^ f^ 
d^* 15 • "d^? 15 • d<^*""l5' d4»* + 15 ' d4»* * 

which being substituted, the expressions of B and B will be as follow : 

{*)__ 9h* + %k-l \_ 3A« + 8A4 19 ""d; . 1 f_K 
'^ 96 • Do ~ 24 • ~W ■•" 24 • dt(^ 

3A» + 3A«+8A + 6 / k + A ""Dq* 
"+■ 24 • 15? 24 • d^« • 

^(«)__J 24A« + 7ay + 92A-55 Jl_ 24 A* + 75**+ 91 A - 175 ^^ 
* — (^ ~ 960 * Do ~ 240 • "dW 

J 96 A* + 300*8 



25 + 4* 



240 

+ 341 *« + 200* + 159 J_ 7 ** + 25 A + 53 H^ 
960 • Do» 240 • ~d^ 



^ 240 • rf4^* J 



Thus the six quantities B , B^ , &c., are all expressed in terms of ^ 
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and ^, and the second and fourth differentials of the same two quantities^ 

the coefficients being of easy computation, and depending solely on the mean 
distances of the two planets. 

5. The problem to be solved is, to expand ]j in a series of terms arranged 
according to the cosines of the arc ^, or ^ — 9' + ^ — (/, and its successive 
multiples. Now as the quantities ^ and ^ and their differentials, are all 
susceptible of a like development, what is required will be accomplished 
merely by substituting in B , B , &c., the parts of g-, jj,, and their differ- 
entials, multiplied by the cosine of the same multiple of >//, instead of the 
quantities themselves. The coefficients of the cosines in the developments in 

question are functions of -^ ^'^ "J » ^^^» ^^^ ^^^ ^^^ ^^ convergency, we must 

choose that one of the two fractions which is less than unit. Supposing that 
€f is greater than a, and that n represents any odd number, we have, 

r^ ^V a!lZ V I 



Wherefore, assuming as usua!. 



2 



the part of -q-, and of its second and fourth differentials, which are multiplied 
by cos k yp, will be respectively, 

cos*jf ^ (*) co9^> ,2r (*^ ^^^^ V 14 r (*^ 

f 
and the like parts of ^ and its differentials, will be, 



X C3^*^os^^^, -^ X - k^C^^'^cosk^, -^ X ¥C,^'^cosk^. 

4e2 
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It remains then to substitute these values in B , B , &c.^ in place of ^y ^ 






and their differentials : but, in order to obtain the formulas most convenient 

for calculation, it will be requisite to express the coefficient of the develop- 

f 1 

ment of g-5 by means of those of the development of jj . 

If we write a for y, and put 

V = yi+fl?— 2acos>P, 
we have this formula, 

' V #esin4> 

xpa 
sin k ypy the result will be 



and if we substitute the expansions of y and ^j, and equate the coefficients of 



We have likewise this identical expression, 

1 V» 1 +«• 2acos^ 



T — V« " V« ~ Y* ^ 

and by substituting the expansions of y and ^, and equating the .coefficients 
of cos k yp, we get 

c.<" = (i + «*)C3"'-.c/*-"-.c^"*". 

By combining the two formulas, we deduce 

2«C3<*^*^ = (1+««)C3^*^-(2A+1)C/*^ 

2 « C3*" ' = (1 + «2) €3^*^ - "(2 A - 1) c/*\ 
Change A for A — 1 in the first of these formulas, and for A -f- 1 in the second, 
and the two following fbrmnlas will be obtzuned, 

2«C/*^ = (1 +«2)C3*"' - {2k- 1)C/*"'' 

2«C3^*^ = (1 + a2)C3^*"^'^ + (2 A+ 1) Ci'^\ 

By combining the four last formulas in different ways, different values of C^^ 
will be found, which may be used at pleasure, viz. 
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(1 - .') C,<« = (2 » + 1) .{\^C,"> - ^ . C."+ "} 
(1-.^C« = (2*-1).{t|^C.<*-'-1±^C,"'} 

(,-..)C3<" = i4^.T4?5.(c,'--<^^-). 

In order to shorten expressions^ and to bring the formulas to a form convenient 

for calculation, let 

a = tan^ fi; 
then^ 

1 +«* , 1 «« sinfl , • - 

nr? = * = SSTJ' T^ri? = cos « = * sm <> : 

further^ assume the new symbol a , the value of which may be calculated by 
any one of these formulas^ viz. 

^*^ = (2A+l).(c,*-8in(»c/*-''0> 



a 






a 



then, 

(l-.«2)C3<*>_i^a^*)^ 

Using this value^ the parts of ^ and its differentials^ multiplied by cos kyp. 

will be 

<5o®*4e.. . (*) cos*4^ ^ , -« (k) 008^4^ . t^ * 

These, as well as the like parts of jy^ and its differentials, must be substituted 
in B^^ , B , &c. As there is no longer occadon to refer to any development 
but one, C; may be written for C^ .. In substituting we omit the commoa 

cos kif m 

factor — ^—f and put 

,C») ,(*) ,(*) ,(») 
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for the expressions into which 



b'^WW B^'^ 



are changed^ so that^ 

V" = c"> 

,(»)_/ 3lfi+8h-7 . 3h* + 8h+ 19 w- . **\ ^(*) 
"< "-\ 96 • 24 •*+24/-^ 

+ V 24 + — 24— -^j-a » 

/,(*>_/ 24A8 + 75A» + 9gA-5A . 24^ + 75 A « + 91 A + 175 „ 
*5 -V 955 T 240 •* 

~ 240 • i^J '^ 

. (96A»+800A^+34iy+gOOA«+159 A , 7A'+25A«+5SA ,, . A**\ (*) 
+ 960 + 240 *+240/-a • 

And, these symbols being established, the part of jj we are in search of, that 
is, the pait multiplied by cask (fi-p' + <, — </), wiU be thus expressed, 

cos k(p— ^ + T — a f 

{bo''+hf\s^ +h:'\^ +jf.,. +5;^y. +i/)y5 

- A*o* .*- A*i^*\2«»*- Aft2^*l3ya*- Aj/l4*'3«- Aft/ls*'*, 

+ A» C^ . «2 + A2i/*l3*i^+ A«ft/l6«'»«»+ A2i/l lO^-a^a 

- A3 J„^*\ ^ - A3i/*\4*i*3_A3j/*\ioy2^ 

+ A4fto^*\^ +A*i/*l5*M 

-ASfto^*^^. 
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By the foregoing analysis the problem is reduced to a series of terms com- 
prehended in the formula^ 

±A b^ X ^sT s cos k{(P'-([f + IT — ir') 

t and i representing all positive numbers^ zero included^ of which the sum S + i 

does not exceed 6 ; |3 standing for the coefficient of /s^ in (J + *)* * ; and the 
upper or lower sign taking place according as the index of A is even or odd. 
Although all the coefficients are supposed to be deduced from six of them^ for 
which alone direct expressions are g^ven, it is nevertheless obvious that an in- 
dependent formula may be found by which any proposed coefficient may be 

separately computed ; namely^ by substituting the values of h^ ^ h^ ^ Scc.^ in 
the expressions of the several finite differences. 

Although there can be no difficulty in applying the formulas^ it may hot be 
improper^ for the sake of illustration^ to take an example. We shall choose 
the. instance of 

Venus and the Earth. 

In this case ci will represent the mean distance of the Earth, and a that of 
Venus: wherefore, 

-~ = a = 07323332 = tan ^ tf, 6 — 7^ 45' 32^, 
A = ^ = 3-1947202, log. sin 6 = 9-9776083. 

The method likewise requires that there be previously calculated a sufficient 
number of the first coefficients in the expansion, 

= iC^''^+C^'^cos^ + C^'^cos 2 ^....C^os *>/....., 



Vl + a« — 2«COS<f 



which is accomplished by rules amply detailed in all the treatises on Physical 
Astronomy. We next deduce the value of a , viz. 

a(*>=(2A+l)..(c^*^-8in^C^*-^'0: 
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and, with the numbers thus found, we have graerally for any proposed value 
of A, 



(*) 



,(*) 



6/*^= I C^*^ + 1-59736 . a^*^ 
C = (i + D.C^%4.148919.a" 
bs^^ = {- 00081 13 + 1-282453 . *«} . C^*' 
4- { 10-459698 + 0-266227 *«} . a^*^ 

b^ ~ i "" <^'^ 12255 + 3- 132352 ** + ^ } • C 

(*) 
+ {28-09035 + 0-967713 A*} . a 

(*) 1 (*) 

65 ={- 1-861383 + 8-390654 *•+ 0157412 A«}.C 

+ {80-06813 + 2-719660 A* + 01331 13 A*} . a *^ 

Nothing can be more easy than the computation of these six quantities for any 
assigned value of k. The other quantities, being the several orders of the finite 
differences of the first six, will be known when these have been computed: but 
it will be convenient and will often save much calculation to have an inde- 
pendent formula for every coefficient separately. 

-A6„^*'=:iC^*^- 1-69736. a^*^ 

(*) 



- A i/*^=(-i-D 0^*^-2.561669. a' 

(*) W 

- Aij = {0-268113 - 0-782463 A*} . C 

(*) 
— {6-31078 + 0*266227 A*} • a 



,^*^=: 1 0-604 142 - 1-849899 A* - ^| C^*^ 
- {17-63066 + 0-691486 A:»} . a^*^ 
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- A a/*^s= { 1-34913 ^ 5-258202 A* — 0- 1 1 5745 A*} C^*^ 

- {51-97778 + 1-761947 A;2+ 0133113**} .a^*^ 

A2 J, = VT + "« / ^ + 0-954199 . a^ 
A2ft/*'= {— -008113 +-282453*2} . C^*^ 

+ {3-75922 + -266227 f^} . a^*^ 
A2 b^*^= { — -24603 + 1067446 *« + -041667 *♦} . C^*^ 

+ { 1 1 -3 1987 + 0-425259 *«} . a^*^ 
42 J3^*^= { - -84499 + 3-408303 A* + -074078 **} . C^** 

+ {34-34714 + 1070461 ffi + 0133113**} a*^ 

- A3fto^*^= {0-25811 + -217547*2} . C^*^ 

- {2-80502 + -266227 **} . a^*^ 

- A9 bi*^ = {-23792 — -784993 *« — 041667 **} • C^*^ 



— {7-56065 + -159032 *«} . a^*^ 
— A342^*^ = {-59896 — 2-340857 *2 - -03241 1 **} . c' 



(*) 



— {23-02727 + -645158*2 + -013113 **} . a^*^ 
A* fto^*' = {020197 + 1-002540 *« + -041667 ft*} d*^ 

+ {4-76663 — -107195 ft2} . a^*^ 
A* j/*^ =: {— -36104 + 1-555864 F — -009256 ft*} . C^*' 

(i) 

+ {15-46662 + -486126 ft* + '0133113 ft*} .a 
'— A* 60^*^ = {-38124 — -553324 F + -050923 ft*} d*^ 

— {10-71099 + -593321 ft2 + -0133113 ft*} . a^*\ 

According to these formulas the calculation of any of ^e coefficients i« an 
easy arithmetical process. In order to be able to compute, in any term of the 
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expansion of ^, the part of any proposed order with respect to e and e', no- 
thing more is wanting than a method for reducing 

j3 / s cos (?^ - ?^' + <r — </) 

to a series of simple cosines. On this point some observations will be offered 
below: but, without proceeding further, there. is no difficulty in this respect, 
when we confine our views to quantities not passing the second or third order, 
which comprehends all the perturbations useful in astronomy, except the 
inequalities of very long periods. 

If we combine the planets two and two, as is done in the sixth chapter of 
the sixth book of the M^canique C^este, and for every two planets construct a 
formula such as is exhibited above for Venus and the Earth, limiting the extent 
of the calculation according to the nature of the case, the theory of the pla- 
netary disturbances would be rendered more accessible, and would be freed 
from the tedious and disgusting labour which has rendered astronomers averse 
fi'om cultivating this branch of their science. 

6. The expression, 

/ y cos ft (9 — ^' + (T — <r') 

may be reduced to this form, 

cos ft (p — p') . ^ {s COS ft <r) {s! cos ft o^) + (* sin ft <r) {/ sin fto^) |^ 

— sinft (^ — f') . -|(* sin fter) (^' cos ft</) — {s cos ft^) (^ sinft<r') k 

Here the quantities within the brackets are serieses, of which each contains 
the mean anomaly of only one planet, and comes under one or other of eleven 
different forms, namely, the six, 

COSfto', ^COSfttf, ^COSftfl", j^cosft^, 

and the five, 

sinft(r^ sAnkffy ^^sinft^, 5*sinft(r, 

the quantity 5^ sin ft (r^ which is of the sixth order, being omitted. None of these 
serieses, when carried to quantities of the fifth order inclusively, and arranged 
according to the sines and cosines of the multiples of the mean anomaly, con- 
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tain more than six terms, and they thus afiford a ready way of calculating the 
part of 

y s c<isk((p — p' + 9 — ^) 

of any proposed order with respect to e and e'. 
These serieses are as follow : 

Cos ;t» = (l - ft2c2 - ^ A-2 €* + ^) 

-j. (i- ft2 _ g ft4 e2 - |- ** e^) . €8 cos 3 /«. 

Sinftff=(2* - -4-+"96"-*^«^ + ^95~ + nS-)-«8™/* 

+ (t-^4 4-).e28m2/6 

, /ISA 43, , *» 307 A*e* **«S , . _ 
+ (-24- 64*^-T i92---l2-)-^8m3^ 

. /1097, , 179,, , **\ r . - 
+ (9B0 * + 192*^ + Bo) •«'8^5^- 



*COS«ff = 5~ + ~Q~ 



+ (l--r+i92 2- + -95- + -i«")-«c<»^ 

+ (i- - -^ _ ^a ea) . ^ COS 2 ,«, 



4f2 
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+ (384+384 *'+24)-*'c<>«^^ 

. . , /7 - 3 , 5A*«*\ 
*sinA<r = — Ar(-ge2_— e» ^^^ . e sin ft 

- /9 115. <• 35**<«\ , . o 

+ (i* + T)-^««4^ 

+ (T* + i8*')-^«i°«'«' 



^ COS A ff = -5 



2 4 



- (t-2T+ -8") •**'<« /*- 

, /25 , 9A*\ r e 

a^sinAff = (-2- + -Y2 --i^j .esm/* 



Q- . e^ sin 2 jtfr 



. /* 5*e» *»<«\ ^ . - 



Digitized by 



Google 



OP THE DISTURBING FUNCTION. 585 

'13* . Ifl 






s^coskffss — -g-e* 






+ -g . e* COS 4 /Mr 



+ (M + T)-^^^s6f. 



^ sin A? flr = 1^ . e sin f6 + -g- . c^ gin 2 /» + -^^ . 6^ sin 3 p 

+ -5-.e*sin4f6 + -^.e^sinSfi, 

3 ^ ^ £> 

^cosArer = g-e* — -g .^ cos /Mr +-g-.^ cos 2 fir+-^ .€? cos 3 fd, 

+ -Q.e*cos4f6 + -j.tf5cos6|sir 
^ sin Ar ^ = -j- . ^ sin /sir -| ^ . ^^ sin 3 /m» + -g- . ^^ sin 6 p 

j^ cos A: <r = -g- . e cos fir + -"yq- . «^ cos 3 /m» + -jg ^^ cog 5 ^ 

The ose of these serieses is obvioas. If we wish to determine all the argu- 
ments of the order e e in the term multiplied by cos A: (^ — ^' + ^ — O^ ^^ 
the development of ^^ a? and/ representing two positive integer numbers^ zero 
included^ of which the sum does not exceed 5; we first set aside all the parts of 
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the expression in which i is greater than x, or i greater than x\ for these con- 
tain no quantities of the order e e . Let 

A* 6 X j3 / s cos A (^ — (p' + <r - ff) 

be one of the remaining parts^ in which i is not greater than x, nor t greater 

than x'; in the serieses s cos k ff and s sin A: ^, take the terms A e cos x fju and 

» if ^ f e 

Be sin 0? /x; and^ in / cos k c and / sin k t/y take the terms A' e' cos j/ fi! 

and B' e' sin x' fi/\ then all the arguments of the order e e will be contained 
in the formula 

A A^ X^e ^ X 

cos k((p — p') . {A A^ cos X fjucos x' fi/ + BB'sin J^/M^sin^/M.'} 
— sin k{p — p') . {A' B sin <r f6 cos x (if -^ A W cos x fi» sxnsf ftf). 

And thus are computed all the quantities of the order / e'*' in any term of the 
development of 0. The procedure is exactly the same with that followed in 
the expansion of the first part of the disturbing function in § 2. All the argu- 
ments of the order / e are only four, comprehended in the formula 

k{(p-<p')±Xfi.±af(L\ 

which represents all the different ways of combining x yd and x' yf^ by addition 
and subtraction^ with k (p — p'). Hence it is easy to ascertain the orders of 
the same argument^ or the relative magnitude of its coeflBicients^ as it recurs 

in different terms of the development of ^ . 

7- We have next to consider the parts of the disturbing function which de- 
pend on the inclination of the orbits. 

Development of sin^ -j- 1 . -^ . q. 
Omitting quantities above the third order with respect to s and / in the ex- 
pression of ^ found in § 3^ we have 
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1 (0) (1) (8) (8) 

3^ = B^ + B^ V + B^ V2 + B^ \s'3 

(0) (1) 

+ A2B *2 +A2B 3«2«' 

-A3B^''^^. 

(0) (0 1 

As the values of B , B , &c., contain tt and its powers, they may be re- 

garded as functions of cos ^//: taking the differentials with regard to this vari- 
able, we get, 

d(co81^) -Do"- / ^ Do»~ / ^ " ' 
rfB^" _a<i(\ / ,3 /*\ ««'„/'> 



co81^) -T\"« • 157 + T-wy-T 

^ - 7 \8 Do* + 4 • D^ + 8 Do'^- f ^^ ' 

_aa' (b f . 87-18A /« . 45~30& /I , 35 /A 

- 7" ^ \IB * 15? ■• IB D"* ■• 16 Do* + "16 • Do»/ 



if (cos 



^{(cost^) 



-^xB . 

If we now differentiate the above formula for ^, and observe that 

a a' co' 1 „ tant 

/ — a"* -d' — TV * — 1 — 2 » 

the result, when the new symbols are Introduced, will be as follows : 
, ^ = !i!tlx{B'^'+B'<",. +B'"V +B^'V 

- AB"'"** - AF'''.2*.'-AB''''8»y'' 
+ A!B^°'^ +A»B^''3»2»i 

-A'A-'^A 
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The values of B' , B , &c., may be reduced to expressions that contain only 
]y-and]^ and their second and fourth differentials, by the same process that 
was applied to B , B , &c., in ^ 4: and in this manner we obtain. 









1 
dV ">" 2 '"fio" 
I 






drf -^ 



+(3A^H-2A-4).34-|.-^^^^- 



d rf -fT— , d^ - 



p./iJ) _ 24A« + 27A+ 1 1 48A«H-MA-i- 1 " Dp J_ ^ "D"^ 

.. f 
96A»-H08y-g3A->33 / lOA + Q Dq^ 

"^ 24 • D^ 12 • ^4^* • 

The term multiplied by cos k-^in the expansion of ^r> will now be ob- 
tained by substituting in B' , B' , &c., the parts of -fp, -jYa , and their differ- 
entials, multiplied by the same cosine. Let 

COS A: 4^ , /*) cos £ 4^ »/(*) cos * 4^ ,,(*) cos k ^ . ,(*) 

denote the expressions into which 

T./0) jjy^ |./«) X..W 

are changed by the substitutions mentioned ; the quantity sought^ or the part 

of the expansion of sin^ ^ 1 X -gr X q multiplied by cos k yp, will be thus ex- 
pressed, 
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tan< 



.{yT+^^^+yf^+vT-p 



(*) (*) . (*) 

- Af, «- Ab'; 2sJ-A6'\ 3ss^ 

(*) (*) 

+ Ay; «2 +Aw/3s^/ 



and the values of b\ j ^j , &c., will be as follow: 

*8 ={ u + 12 •*' + ^/-C 

+ 1 24 + 12 *^J -^ • 

By taking the several orders of the ^nite differences of these four quantities^ 
the other six coefficients may be numerically computed^ or an independent 
formula may be found for calculating each of the six separately. The expan- 
sion of this part of the disturbing function is therefore reduced to the ex- 
pressing of 

^s s cos k{p — (p + (r'^a) X q 

in a series of simple cosines^ Tand i being any positive numbers, zero included, 

the sum of which, t + i, does not exceed 3, and j3 being the coefficient of $ s 

in {s' + s) - By substituting what q stands for, we have, 

y s cosk {<p— ff -{-(r — ff) X q 

= i/s cos (* - 1) (^ — ^' + ^ — </) 

+ ^/scos (k+l) (p-p' + tr^ (/) 
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As the arguments in the expansions of these four terms are different^ each 
term must be computed separately, for which purpose the method in § 6 may 
be used. Thus 

/^^ cos (^"^^ . ^ - *+"l .^'-2F + F=n.<r- A+ l.ff') 

— cos{k^l .(p - k'+l .p' -2if) . f (^*cos(/r- l).(f) (/cos(A+ l)<r') 

+ (^'sin {k - 1) (r).(/sin (ifc + 1) <r') } 

- sin ( r=n . (p - A:T1 . ^' - 2 1') . | (** sin (A - 1 ) ^ ) . (/ cos (A + 1 ) (r' 

- (a* cos (A - 1) ^) . (/sin (* + l)<^') } ; 
and the quantities within the brackets being known serieses, the part of the 
expansion of any order e' e! , is readily obtained. 
8. One part of the disturbing function yet remains to be considered. 

Expansion o/'sin* i I X f . -pr" X j*. 

In the expression of -jp- found in § 7 9 leave out quantities of the second and 
third order with respect to s and s\ and we shall have, 

^•D^ = "^^(i^ +i^ .ecosf6' 


— ^ A B' . e cos (A. 



Now let 



£fB^^^^ _aaf .f^_a^ B"^^^ 



and differentiate the formula for \ . ^ relatively to the variable cos %!/, intro- 
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ducing the new S3rnibols, and observing that -y = —^ , the result will be, 



J.^Q6-=-4- X jB'' +B'' (fcMfi! 



— AB ecos/u*. 



(0) (1) \ f 

The quantities B" and B'' , when expressed as before in terms of ^r- and -i^r 



and their differentials^ will be as follow : 



d^ 









Proceeding as before, let 



represent the expressions into which 

B«""andB"<" 
are changed, when we substitute, instead of p- and^pa and their differentials, 
the parts of these quantities multiplied by cos k yp : then the part multiplied 
by cos kypln the expansion of sin* i I X f -pr" X 9*, will be thus expressed: 



sin* ^ I X cos t (♦ — ^ H- <r —^) X g* 



a' 



X 



4 






— A o 'q tf COS /[* ; 



L//W„^ r./(«. 



and the values of b"^ and 6' ^ will be as follow : 



»-;*'=(8* + l)t^ .c'*'+{8*»+*«--|* + **^ }.a'". 



4o2 
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The coefficients for any proposed value of k may now be readily computed ; 
and nothing is wanting in this part of the problem but to reduce the figtctor, 

C0SA(^— ^' + <r - </). j C08(^ — ^ + flr^^) — cOS(^+©+flr4./ — 2f) | , 

to the form, 

M + M' X <?sinfD + M" X e'siuft', 

and then to multiply by it, retaining in the product only quantities of the first 
order relative to e and e\ Now in this there is no difficulty : but the complete 
development of the expression would be bulky, and would contain many argu- 
ments, the greater part of which are insignificant and useless, although some 
of them deserve attention in particular researches. Leaving astronomers to 
select from the general expression the arguments which may suit their pur- 
pose, we shall here close what we had to offer respecting the development of 
the disturbing function, without adding to the length of this paper by any 
application of what we have written. 



May 30, 1833. 
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XXV. On the Figures obtained hy strewing Sand on Ftbrating Sur/aceSy com- 
monfy called Acoustic Figures. By Charles Whbatstonb^ Esq. Commu^ 
nicated hy Michael Faraday, Esq.y D.C.L. F.R.S., 8^c. 8^c. 8^c. 

Received February 12,— Read March 14, 1833. 

Half a century has nearly elapsed since the attention of philosophers was 
first called to the curious phenomena exhibited when sand is strewed on vi- 
brating surfaces. Long before this time, Galileo had noticed that small 
pieces of bristle laid on the sounding-board of a musical instrument, were vio- 
lently agitated on some parts of the surface, whilst on other paits they did not 
appear to move ; and our own countryman Dr. Hooke, whose sagacity in anti- 
cipating many of the discoveries of later times has been so frequently remarked, 
had proposed to observe the vibrations of a bell by strewing flour upon it. But 
to Chladni is due the sole merit of having discovered the symmetrical figures 
exhibited on plates of regular forms when caused to sound. His first investi- 
gations on this subject, Entdeckungen uber die Theorie des Klanges, were 
published in 1787 ; this work was followed by his Akustik in 1802, smd his 
Neue Beytrage zur Akustik, 1817- A French translation, by himself, of his. 
second work was published at Paris in 1809. 

All the figures obtained by Chladni on square surfaces are delineated in 
pages 611, 613, 615 ; they are copied from the Neue Beytrage, which work 
contains his most mature experiments ; but not having been translated either 
into French or English, it is but little known in this country. The following 
are the general results deduced by Chladni from his observations respecting 
these figures : his works may be referred to for the details omitted, and for 
those concerning the vibrations of plates in general. 

In all the modes of vibration of a square or rectangular plate, the figures. 
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even if they consist of diagonal or tortuous lines^ may all be referred to a cer- 
tain number of nodal lines in the two directions parallel to the sides. 

To establish a convenient notation for these figures^ he represents the lines 
in the two directions by numbers separated by a vertical line. Thus, for 
example, 3|0 signifies the mode of vibration, in which there are three lines 
in one direction and none in the other ; 5|2 denotes that in which there are 
five lines parallel to one side, and two to the other, &c. 

The nodal lines, which may always be considered as having been originally 
straight, may curve themselves more or less ; and in general the flexions of 
these lines, whether they adjoin each other or are separated by a straight line, 
mutually approach to or recede from each other. In some modes of vibration 
the nodal lines are never straight. 

In some instances, the same mode of vibration may manifest itself in two 
essentially different ways, according as the flexions of the lines, or the greater 
number of them, are inward or outward ; in the first case, the sound is usually 
graver than in the second. This diflerence is remarked in those figures where 
there is an entire number of flexions, as in 2|0, 3|1, 4|0, 5|3, 6|2, &c. ; but 
never in those figures where there are 1^, 2^, &c., as in 3|0, 4|1, 5|0, 5|2, &c. 
To distinguish the first from the second figure, Chladni places a horizontal 
line above the numbers in the first case, and below them in the second case, 
thus, 4J2, 4]2. 

When two or more figures having the same notation, occur in the Table, the 
others are to be considered as distortions of the first, occasioned by altering 
the fixed points, and the place at which the bow is applied. 

If four plates of the same size, and upon which the same figure has been 
produced, be placed together so as to form a larger square, this compound 
figure may also be more or less accurately produced on a single larger plate. 
Several instances of this may be seen by reference to the Table of figures. 

The following Table contains the relative sounds (expressed both by their 
musical names and the number of their vibrations,) of all the modes of vibra- 
tion of a square plate, experimentally asceitained by Chladni. The horizontal 
series of numbers denotes the lines parallel to one of the sides, and the vertical 
series those parallel to the other. 
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TABLE. 



1 




G,6 


















2 


D-,9- 


B,16 


A'..B' 
27+, 28- 
















E..F, 10+ 


3 


Q%95 


B', 30 


F{f», 46 


C' + 
64,65 








• 






C«+,32?33? 


4 


G«'-,49- 
GflS 50 


BS-, 
55y 5o — 


Ctt% 70 
D", 72 


FJt» 
90,91 


110+,112 












5 
6 


E»+, 
81 


!», 84 


G8»,98, 
99, 100- 


B\ 119 
120 


DJJS 
150, 153 


FJtS 180 










FJt', 90 
91 


CS 125 
126 
128- 


B», 120 
121 


CS128 


C1IS135 
140 


G^, 189 
192 

ES 160 


Bl>S224 + 
231- 


CS 266 

264 


■ 






0-, 125 
126 


D*. 144 


lo2 


198 
200- 


7 


P, 169 


F*F«« 
175? 180? 


F«« + 
180 + ? 

189 -? 


GJt'+,209 
210 


BS 240 
240 


CJt*,275 
280 


ES 320 
324 
^25 


FUN 360 
364 






AS 216 
220 


D*, 286 

288 


8 


B^'.224 
225 




BS 340 

342 


C* + ,256-|- 
264- 


DS 286 
288 

D8%294 
299 


F*. 336 
338 


GS377 + 
384 


A*, 432 
435 


B', 480 




Bb' + 226? 
231? 


0^-245 
250 


GttS390 
392 


9 


D», 289 




315 


F*330 
336 


F»> 
360 


GJt*-390 
392 


B^S 450 


C*-, 495 


08^+561 


Dfl", 612 


C* 510 
512 


F^ +, 343 
345 







1 


2 


3 


4 


5 


6 


7 


8 


9 1 



The figures placed as exponents indicate the octaves in which the sounds 
occur; and the characters + and — denote that the sounds to the characters 
of which they are affixed are respectively sharper and flatter than the true in- 
tervals. 
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Having thus briefly stated the general results deduced by Chladni from his 
experimental researches, I shall proceed to class and analyse the phenomena ; 
and I shall endeavour to show, that all the figures of vibrating surfaces are the 
resultants of very simple modes of vibration, oscillating isochronously, and 
superposed upon each other ; the resultant figure varying with the component 
modes of vibration, the number of the superpositions, and the angles at which 
they are superposed. In this first part of the investigation I shall confine 
myself to the figures of square and other rectangular plates. 

The most simple modes of vibration of a rectangular surface are those which 
exhibit quiescent lines parallel to one of its edges. Euler has theoretically 
established, that a rod or band, having both its ends unfixed, can vibrate with 
2, 3, 4, 5, 6, &c. quiescent lines parallel to the ends, and that the correspond- 
ing numbers of vibration are very nearly as the squares of the arithmetical 
progression 3, 5, 9, 11, &c. These conclusions are fully confirmed by experi- 
ment. He has proved, moreover, that when the same mode of vibration 
of different plates is compared, the number of vibrations is inversely as the 
square of the length of the plate, but that increase of breadth occasions no 
difference in the sound ; and that the distance from a free end to a quiescent 
line is rather less than half the distance between two quiescent lines. 

Fig. 1. a. page 61 7^ shows the number and situations of the quiescent lines in 
the first four modes of vibration of this series. Fig. 1. b. and c. are profiles of 
the preceding, and represent the curvature of each parallel fibre perpendicular to 
the quiescent lines at the two opposite limits of their vibration. The quantity 
of motion at each point is indicated by the corresponding ordinate of the curve, 
and its direction by its situation above or below the horizontal line. It will 
be convenient to distinguish these states of motion, in which every correspond- 
ing point is moving in direct opposition ; and I shall therefore call the first, 
b. positive states of vibration, and the second, c. negative states of vibration. 
When there is an even number of quiescent points, the positive state of vibra- 
tion may be considered as that in which the motion at the central part is 
above the plane of equilibrium, and the negative, that in which it is below it. 
If we suppose two similar surfaces with the same number of quiescent lines to 
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be superposed^ and both to vibrate in concurrence, i. e. both either positively 
or negatively, they will mutually assist each other's effects ; but if they vibrate 
in opposing directions, they will destroy each other's motions, and the entire 
surface will be at rest. 

When the rectangular surface is equilateral, it is obvious that it may vibrate 
in two different rectangular directions, so as to give the same sound, and 
present the same arrangement of quiescent lines. Now this plate may be ex- 
cited at various points where the motion of each mode of vibration is at its 
maximum, in the same direction, and of equal intensity : such being the case, 
there is no reason why one mode of vibration should be produced in preference 
to the other ; and on calculating the effect of such coexistence, it will be found 
that the resultants of these combined modes of vibration, similar in everything 
but in their direction with regard to the sides of the plate, give rise to new qui- 
escent lines which accurately correspond with figures described by Chladni ; 
while the number of vibrations does not materially differ from that of the com- 
ponent modes of vibration. 

The principal results of the superposition of two similar modes of vibration 
are these: 1st, The points where the quiescent lines of each figure intersect 
each other, remain quiescent points in the resultant figure ; 2ndly, The qui- 
escent lines of one figure are obliterated when superposed by the vibrating 
parts of the other ; 3rdly, New quiescent points, which may be called points of 
compensation, are formed wherever the vibrations in opposite directions neu- 
tralize each other ; and, lastly. At all other points the motion is as the sum of 
the concurring, or the difference of the opposing vibrations. 

A primary figure, having an even number of quiescent lines, may be super- 
posed two ways, and may consequently give rise to two distinct resultant 
figures : one, when the central vibrating parts concur ; and the other, when 
they are in opposition ; but if the number of the quiescent lines in the primary 
figure be uneven, there can be only one resultant figure. * 

The quiescent lines which thus result may be very easily ascertained. I will 
take as an example the first mode of vibration, having two parallel quiescent 
lines; this being superposed in two rectangular directions, and so that the 
states of vibration are opposing (page 617^ fig. 2.), it is obvious that no lines of 
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compensation can exist in the four rectangular segments aaaa, as every point 
included within them is actuated by concurrent motions ; but in all the other 
rectangles they must necessarily be formed^ as every poipt within them is 
affected by the two opposing motions^ and if the two modes be of equal inten- 
sity, the compensations must occur at every point equally distant from the two 
rectangular quiescent lines^ each appertaining to a different mode of vibratipn. 
Tbe resultant figure will thus be found to consist of two diagonal lines per- 
pendicular to each other^ and passing through the centre of the plate. 

But if the two superpositions vibrate in concurrence, the rectangles bbbb will 
be free from compensating points; but these will occur in the other rectangles, 
and form the figure represented (fig. 3.), which also consists of diagonal lines. 

In the same manner the resultant of any two similar modes of vibration 
with nodal lines, parallel to the sides, may be proved to consist of lines parallel 
to the diagonals. 

It is not a necessary condition for the vibrations of a square plate that the 
primary nodal lines shall be parallel to a side ; they may also be parallel to a 
diagonal, or to any line intermediate between a transverse and a diagonal 
line. In these cases the superpositions take place according to the following 
rule: That the axes of the superposed modes of vibration must make equal angles 
with a transversal line passing through the centre; for otherwise the modes of 
vibration would not be similar. By the axis of a primary mode of vibration, 
I mean a straight line passing through the centre of the plate and parallel to 
the quiescent lines. Considerations of the kind already employed will show 
that in all these instances the resultant figures consist of lines parallel to the. 
edges of the plate, and that they are always the same in number as the nodal 
lines of a component mode of vibration, but differently distributed in the two 
directions, according as the angle of superposition varies. 

The various primary modes of vibration, transverse, intermediate, and diago- 
nal, and the angles wiiich the quiescent lines of two similar figures make with 
each other when they are superposed, are represented in the first column of the 
general Table, page 619 — 633 ; in the second column of this Table are placed 
the figures resulting from their opposing superpositions, and in the third 
column those which arise from their concurring superpositions. 
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We obtain by experiment a limited number only of figures which can be 
considered the resultants of primary modes of vibration consisting of any 
given number of oblique lines ; but it would seem^ that as the various degrees 
of obliquity are infinite^ so there should be an infinite number of resultant 
figures passing into each other by insensible gradations : by calculation this 
should be so, but there are causes of limitation which I shall proceed to explain. 

It appears that no resultant figure is maintainable unless the greatest excur* 
sions of the external vibrating parts occur at the edges of the plate. In the con- 
curring superpositions of eight oblique lines, this condition can only be fulfilled 
when the angles they make with each other are either 90®, or 143® 8'; in the 
first case the resultant figure consists of four lines in each transverse direction, 
in the second of six lines in one direction and two in the other. In the 
opposing superpositions of the same number of lines, the condition is fulfilled 
when the angles at which the lines are inclined are 1 18® 4' and 163® 44' ; the re- 
sultant figure of the former consists of five lines in one direction and three in 
the other, and that of the latter of seven in one direction and one in the other. 

I have, in the preceding sections, described the various modes of binary super- 
positions which may take place on a square surface. But there are numerous 
cases in which four superpositions may coexist, and these I shall now proceed 
to take into consideration. . 

When the axis of a primary figure corresponds either with a diagonal or 
with a transverse line, passing through the centre of the plate, it is obvious 
that there can be only one other line of equal length, which can be considered 
as the asds of a similar and isochronous mode of vibration ; in these cases it 
is evident, therefore, that there can only be two superpositions. But in every 
intermediate direction of an axis, there are three other lines of equal length 
which constitute axes of similar modes of vibration ; and four superpositions 
can therefore take place whenever the axis of a component mode of vibration 
is neither a diagonal nor a transverse line. 

It would be a tedious and laborious process to ascertain a resultant figure by 
combining its four component modes of vibration ; but the same purpose will 
be effectually answered by combining them first in pairs, as explained in the 
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preceding section^ and then combining two of these first resultants rectangu- 
larly together. 

The following process affords great facility for ascertaining the second 
resultant figure^ which arises from the superposition of two first resultants. 
a. and b. (fig. 4. page 617^) are the two component first resultants^ the similar 
lines of one being placed rectangularly to those of the other ; the vibrating 
parts are indicated by the letters P and N^ according as the vibrations are posi- 
tive or negative. At C the two figures are superposed^ A being represented by 
the continuous and B by the dotted lines. The surface is now subdivided into 
a number of unequal rectangles^ and by comparing the two component figures 
together, it is easy to see which of these rectangles are influenced by con- 
spiring, and which by opposing motions ; if the motions are found to conspire, 
the letters P or N must be placed in these rectangles according as the coexist^ 
ing motions are positive or negative ; if the motions are in opposition, a mark 
may be made to indicate that a quiescent line passes through this rectangle. 
Wherever a continuous line intersects a dotted line, a mark is to be made, to 
indicate that a quiescent point is formed ; and as in every other part, the qui- 
escent lines of one figure pass over vibrating parts of the other, the boundary 
lines of all the rectangles must be marked with the letters indicating the mo- 
tions of the vibrating parts they superpose. The figure C being thus marked, 
the resultant figure is easily described by joining the fixed points by lines drawn 
through the rectangles shown to be actuated by opposing motions ; carefully 
avoiding to encroach upon the rectangles of conspiring motion marked P or N. 

That the diagonal line is perfectly straight may be proved in the following 
manner. It must first be premised that the rectangles included within the 
quiescent lines of each of the first resultant figures, have precisely the same 
quantity of motion in the same relative points with respect to the surrounding 
sides, and that the vibrating parts at the edges and comers of the plate must 
be considered respectively as exact halves and quarters of a complete vibrating 
part. This being understood, if two similar first resultants be laid alongside 
each other in the directions in which they are to be superposed, and if a dia- 
gonal line be similarly drawn through each of them, it will be obvious that 
every corresponding point of each line must possess the same intensity of 
motion. If the successive segments (equal in each figure,) through which the 
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lines simultaneously pass^ be in opposite states of vibration, they will neutralize 
each other's effects, and a diagonal quiescent line will be formed; and if they be 
concurring, all the parts between the coincident or fixed points will be in 
motion. In the diagram (fig. 4. c.) one diagonal is in the first state and the other 
in the second. 

If the number of lines in the component first resultant figures be uneveq, 
they admit of only one mode of superposition. But first resultants having an 
even number of quiescent lines, admit of being superposed in two ways, accord- 
ing as they are vibrating in concurrence or in opposition. 

It frequently occurs that entire quiescent lines superpose each other ; thus> 
when in the component figure there is an uneven number of lines in each 
direction, the two rectangular central lines of each superposed figure must 
coalesce, and consequently they continue in both the resultant figures ^ exam- 
ples of this are seen in the resultants of 3|1, 5|1, 5|3, 7|i^ 7|3, 7\5, &c. Again^ 
when the number of quiescent lines in one direction of the component figure 
is three times greater than that in the other, the number of coinciding fixed 
lines in each direction of the resultant figure is equal to the smallest number 
in the first resultant, as in 6|2, 9|3, 12|4, 15|6, &c. See the general Table, 
page 619 — 633. 

The following general results are obtained from constructing the second 
resultant figures according to the rules above given. 

In superposing first resultants consisting of an even number of lines: 
1st, When the number of lines in each direction of the first resultants is 
even, and the modes of vibration are concurring, no line passes through the 
centre of the second resultant figure. When the modes of vibration are op- 
posing, two rectangular diagonal lines of compensation occur. 2ndly, When 
the number of lines in each direction is uneven, and the modes of vibration 
are concurring, there are always two perpendicular transversal lines passing 
through the centre ; and when the modes are opposing, there are, in addition 
to these fixed lines, the two diagonal lines of compensation. 

When the first resultants consist of an uneven number of lines, in which 
case there is no distinction of concurring and opposing vibrations, one diago- 
nal line only invariably occurs. 

In no case is it necessary to calculate an entire figure. When the number 
of nodal lines in the primary mode of vibration is even, only one quarter of 
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the figure is required to be calculated^ as it is obvious that every second re- 
sultant of this kind consists of four symmetrical^ and as it were reflected, por^ 
tions. But when the primary number of quiescent lines is uneven, it is neces- 
sary to calculate one half; the other half is symmetrical and inverted. 

Some of the first resultants are never obtained by experiment. When the 
number of quiescent lines in the primary mode of vibration is uneven, either 
the first or the second resultant may be obtained at pleasure ; thus in 3|2 if 
the impulses be made at a comer, where the motion of both superpositions is 
at its maximum, the second resultant must arise ; but if they be made at the 
middle of a side, the first resultant only will appear, because the point of ex- 
citation is a quiescent point of the other. But in all cases where there is an 
even number of lines, it is impossible to obtain the first resultant, because each 
maximum of vibration equally belongs to both superpositions. 

I have given in pages 619 — 633, a Table which shows every perfect re- 
sultant figure of a square surface when the number of quiescent lines in the 
primary modes of vibration does not exceed twelve. I have carefully calcu- 
lated each figure by the rules laid down in the preceding sections, and have 
shown in the Table the successive processes of superposition. The first ver- 
tical row exhibits the two primary modes of vibration superposed at the re- 
quired angles ; one figure being represented by the continuous lines, and the 
other by the dotted lines. The second row contains the first resultants which 
arise from the opposing superpositions of the preceding ; and the third row, 
those which result from their concurring superpositions. The fourth and fifth 
rows exhibit the perfect second resultants which are formed, the former by 
the opposing and the latter by the concurring superpositions of the first result- 
ant which the plate has been already found competent to produce. 

On comparing the calculated figures with those obtained experimentally by 
Chladni, the greater number are found exactly to agree ; there are, however, 
some difierences which it will be necessary to explain. In the first place, there 
is an obvious cause of error in delineating figures from experiment, from this 
circumstance, — that the sand accumulates in the spaces where two convex 
curves are near and opposite to each other, the motion being there very small, 
so that it is difficult to ascertain whether the curves join, or not. Secondly, 
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Inequalities in the plate will sometimes occasion lines which ought to intersect 
each other^ so as to appear separated curves. On comparing together the figures 
Chladni has marked as 6[4, 6[4^ 712^ 7|4^ 8|3 c. &c. with those of the calculated 
Table^ they Mali be found to differ only in these respects. 

Another cause of difference is this : When the lines of one component figure 
very nearly coincide with those of the other^ but without actually doing so^ the 
resultant figure may be such as would arise from their actual superposition, 
instead of that which accurate calculation would give. In Chladni's Table 
there are two instances of this alteration^ 7|2a. and 8|3a. 

A few of the figures delineated by Chladni are irregular resultants formed 
by the superpositions of dissimilar modes of vibration. These irregular re- 
sultants can be formed only when the dissimilar component modes of vibration 
give the same sound, and have a maximum point of vibration in common, at 
which they can be simultaneously excited. The figure marked by Chladni 6|1, 
I find to be an irregular resultant formed by the combination of 6|1 with 3|5, 
which both give the same sound C^. The irregular figure marked in his 
Table 5|1 a. is a compound of 5|1 and 2|5. 

The calculated figures 6|l, 7|^ 8|1^ 9|1^ 10|1, 10|2, and 11|1, are not to be 
found in Chladni' s Table. The near approach of the inclined lines of their 
primary component figures to parallelism is the cause of the great difficulty 
in obtaining these figures by experiment. 

The figures marked by Chladni 10l3, 9I4, 8|6, 7|6, 10|4, 9|6, 8|6, and 9|7, 
exceed the limits within which I have calculated the Table^ and are therefore 
not to be found in it. 

§ 7- hnperfect resultant Figures. 

I have hitherto considered those resultant figures only which arise from the 
superpositions of similar modes of vibration, each exactly equal in intensity ; 
these I shall in future call perfect resultant figures. But when the vibrations 
of the superposed modes are unequal in intensity, then a figure intermediate 
between the perfect resultant and one of its components is formed ; these in- 
termediate figures I shall call imperfect resultants. They are experimentally 
obtained by varying in a slight degree the places at which the plate is held or 
touched, from those necessary to determine the corresponding perfect resultant 
figure; the place at which the bow is applied remaining in both cases the same. 

Fig. 6. a. h. c. d. e. in Chladni's Table, page 611, represents the successive 
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transformations of figure which take place when each component mode of vibra- 
tion presents three transversal lines : a. and e. are the two components ; c. the 
perfect resultant ; h. an imperfect resultant^ in which the excursions of a. are 
the greatest : and d. an imperfect resultant^ in which e, has the greatest energy. 

Fig. \\.a.b. page 611, exhibits the transitions of the opposing superposition 
of two primary figures, each presenting four transversal lines ; and fig. 12. 
a. and h. the changes of the concurring superposition of the same. 

These are the principal types of the transformation of primary figures into 
first resultants. In each of these series of transitions there are certain points 
which are invariable during every change: these are, the quiescent points 
formed by the nodal lines of one figure intersecting those of the other, and the 
centres of vibration where the maxima of positive or negative vibration agree in 
each component mode of vibration. The points of compensation are changeable. 

Figs. 29. a. and 30. a. page 613, represent imperfect second resultants, formed 
by two superpositions of the first resultant figure 6l2. Fig. 29. a. arises from 
concurring, and fig. 30. a. from opposing superpositions. The straight lines in 
these imperfect figures arise from the coincidence of entire quiescent lines in 
each component figure, and, consequently, they remain unaltered whatever may 
be the relative intensities of the superposed modes of vibration. But the curved 
lines, which are formed of compensating points, change with the varying in- 
tensities. 

§ 8. Figures of irregular Plates. 

If the sides of the square be nearly, but not exactly, equal, the superpositions 
of two similar modes of vibration with transversal lines still take place ; but 
instead of exhibiting perfect resultants, figures resembling transitional figures 
appear. Thus in the binary superposition (page 611, fig. 1 .) of the figure with two 
transversal lines, if the sides be unequal, the crossed lines separate at their point 
of intersection and are converted into two curves, the summits of which recede 
from each other as the difference in the lengths of the sides becomes greater. 

Also, if the diagonals of the square be unequal, the resultant figure (page 611, 
fig. 2.) arising from two superposed modes of vibration with diagonal axes, 
will be modified in a similar manner. 

Corresponding modifications are occasioned, through accidental diflferences 
of elasticity, &c. in the directions of the axes of the superposed modes of vibra- 
tion, even when the dimensions of the plate are apparently equal. 



Digitized by 



Google 



BY STR£WIN6 SAND ON VIBRATING SURFACES. 605 

If a plate of glass be covered on one of its sides with leaf-gold, or if a plate 
of ground glass be substituted for an ordinary glass plate with smooth sur- 
faces, the figures may be obtained distinctly delineated by lines consisting of 
a single row of grains of sand. Experiments made in this manner, upon square 
plates carefully prepared, induced Professor Strehlke to conclude, after many 
minute measurements of these lines, that all acoustic figures are formed of 
hypeipbolic curves, and that the quiescent lines never intersect each other. 
But however correct these experiments may have been, the conclusions drawn 
from them are unwarranted ; were it possible to obtain plates of a perfectly 
homogeneous substance, and of accurately equal dimensions, there can be 
no doubt that the lines, however finely defined, would actually intersect 

each other. 

§9. 

I have already, § 1., given Chladni's Table of the comparative sounds, and 
numbers of vibrations of the figures of 'square surfaces obtained from experi- 
ment. In the following Table these results are arranged so as to correspond 
with the views taken in this paper. The numbers in the first vertical row 
indicate the number of parallel quiescent lines in the primary figure. In the . 
horizontal rows the angles at which the lines of the primary modes of vibration 
intersect each other are shown ; and the figures between brackets give the 
notation of the first resultant produced by their superposition ; below these 
its number of vibrations, and the character representing its musical sound, are 
given ; when there are two of these lower lines separated by a horizontal dash, 
the one above indicates the sound of the opposing superposition, and that below 
it the concurring superposition. 

Thus it appears, that every figure of a square surface which experiment can 
give, may be reduced to a primary figure with parallel lines, giving the 
same sound : if, therefore, the analyi;ical investigation be confined to these, 
many of the difficulties will disappear. Eulbr has investigated the subject 
when lines parallel to a side only are concerned ; it remains to extend the 
inquiry to modes of vibration the nodal lines of which are perpendicular to 
any line passing through the centre of the surface. An analytical expression 
for all the sounds of a square plate may probably be obtained, which shall be a 
function of the number of quiescent lines, and the length of the axis of the 
mode of vibration. 
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§ 10. 

Immediately after the publication of Chladni*8 experiments on square plates^ 
James Bernouilli attempted to demonstrate them analytically ; but his inves- 
tigation was entirely unsuccessful ; his conclusions were founded on erro^ 
neous data^ and the results he obtained were at variance with experiment. 
His assumptions were these: that the primary figures .consisted of 2, 3, 4, 5, 
6^ 7, &c. lines parallel to the side only^ these being the modes of vibration of a 
lamina as investigated by Euler ; that any two similar or dissimilar modes of 
vibration might superpose each other rectangularly^ the nodal lines of the two 
components appearing together in the resultant mode of vibration ; and that 
the sound of the resultant differed from that of either of the two components, 
being much higher. The figures given by experiment he considered accidental 
distortions of these compound figures. This theory gave no account of those 
figures in which a single line in one direction coexists with any number in the 
other, as there is no primary figure consisting of one nodal line only ; and 
Bernouilli acknowledged his theory to be imperfect in this respect. 

The failure of Bernouilu led Chladni inconsiderately to state, that " the 
supposition of regarding such a rigid membraniform body as a network formed 
by curved lines in one direction applied upon curved lines in another direction, 
is not conformable to nature, and will never give, either results agreeing with 
experiment, or an appearance of explanation of some of the most simple vibra- 
tions.*' That this assertion is erroneous, the considerations in the present 
paper have, I conceive, fully proved. The error of Bernouilu did not consist 
in assuming that the observed acoustic figures were formed by superposing 
simple modes of vibration on each other, for this has been shown to be true ; 
but in his assumptions of the manner in which these superpositions were made, 
and the effects which resulted from such hypothetical superpositions. 

The various mathematicians who have more recently undertaken to inves- 
tigate the laws of vibrating surfisu^es, as Poisson, Cauchy, Mademoiselle Ger-t 
MAIN, &c., do not appear to have taken into consideration anything resembling 
the theory of superposition. 

Dr. Young seems to have had a correct notion of the origin of the acoustic 
figures ; for in his Lectures, when slightly noticing Chladni's experiments, be 
itemarks, ^^The vibrations of plates differ from those of rods in the same man- 

4i2 



Digitized by 



Google 



608 MR. WHKATSTONE ON THE FIGURES OBTAINED 

ner as the vibrations of membranes. differ from those of chords^ the vibrations 
which caujse the plate to bend in different directions being combined with each 
other^ aiid sometimes occasioning singular modifications." 

The brothers Weber, in their excellent work the Wellenlehre^ pubfished 
in 182&, have advanced a step nearer the truth than any of their predecessors. 
They have shown, that in a square vessel containing water or mercury, two 
series of stationary waves, one parallel to each side, may be made to inter- 
sect each other ; and that the compound wave formed by their interferences 
assumes the form shown in ^ 3. to be the resultant of two superpositions of 
parallel transverse lines. Their observations are confined to those modes of 
undulation, analogous to the first resultants of primary modes of vibration 
with lines parallel to a side. Though I had advanced considerably in the 
present inquiry before I saw this work, yet I should be wanting in justice to 
these philosophers did I not here state that theirs is the merit of having shown, 
in the most simple case, the way in which the superpositions of modes of vibra- 
tion or undulation actually do take place. 

§ 11. Plates of fFood. 

From the rules already laid down, it is obvious that the series of figures 
presented by a square plate of any homogeneous material ought not to be 
obtained on a square plate of wood, in which substance the elasticity is not the 
same in all directions. If a square plate of wood be prepared with its fibres 
parallel to one of the sides of the square, the axes of greatest and least elasti- 
city will be disposed rectangularly, and parallel to the adjacent sides ; in this 
case the same primary mode of vibration in the two directions will not give 
the same sound, although the dimensions of the vibrating parts are the same 
in both; consequently they cannot coexist, and the resultant figures with 
diagonal lines will be wanting on such a plate. But if the axes of the two 
component modes of vibration be equally inclined to either of the axes of elas- 
ticity, these modes of vibration will be necessarily similar and isochronous, 
and therefore capable of superposition ; on a square plate of wood, conse-r 
quently, all those first resultants which consist of any number of lines parallel 
to the sides intersecting each other rectangularly, may be obtained ; and the 
same figure will be accompanied by different sounds, according as the axes 
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of the modes of vibration are inclined to the axes of least or greatest elasticity. 
It is easy to foresee that none of the second resultants, which consist of four 
isochronous superpositions^ can be obtained on such a plate. 

But if the wooden plate, instead of being square, be a rectangle, the sides 
of which are inversely as the squares of their resistance to flexion, the two 
modes of vibration parallel to the sides, though differing in length, will be 
isochronous ; and their coexistence will give rise to a resultant figure with 
lines parallel to the diagonal. Thus on a rectangular plate of straight-fibred 
deal wood, in which the proportion of the sides were as 28 to 59^ I obtained 
the two crossing diagonal lines, corresponding to the secojid figure of a homo- 
geneous square plate of glass or metal. 

Savart has made a series of numerous and accurate experiments on the 
changes which take place in the sound, and also in the form and position of 
the figure of the first mode of vibration on circular plates of wood of similar 
dimensions^ cut in different directions with respect to the three principal axes 
of elasticity. All the results he has obtained are in perfect accordance with 
the rules stated in this paper, and might have been predicted by them. He 
has extended his investigations to circular slices of crystals, cut in various 
directions with respect to their axes, and has obtained in this way much 
valuable information. These researches of Savart point out a new direction 
to our inquiries respecting the structure of bodies ;* and the utility of his expe- 
riments will be greatly enhanced by the knowledge we now possess of the 
causes on which these phenomena depend. I shall shortly return to this 
subject. 
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Chladni's Table 
Of the figures of square surfaces^ obtained by experiment. 

4. 2|1 6. S12 



6.11. 8|0 e.b. d|0 6 c. d|0 6.d. 30 6 e. 8|0 



5T> 



8. sir 9.11. d|2 9. ^ 3|2 10. 3|3 



11. a. 4|0 



12.11. 4|0 12. b. 410 13.11. 4|1 



13. b. 411 




15 4|2 16.11. 4|3 16. b. 4|3 



17. 4|4 18. 5|0 19. a. 5|1 



20. 5|1 
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21. a. 



(Continuation of Chladni's Table.) 



5|2 21. &. 5|2 i 



28. 



5l3 24. a. 5|4 



24. h. 5|4 25. 5|5 26. a. 6lO 26. b, 610 27. 



6|0 



28. 



6|1 29. a. 6|2 



80. a. 6|2 80. h. 6^ 



81. a. 6|8 81.5. 6|8 



88. 



6|4 84. a. 6|5 



Z4.b. 



6|5 85. a. 615 85. b. 6l6 86. a. 7|0 86. ft. 7|0 



87. fl. 7|2 87.6. 7|2 88. a. 7|3 : 



89. 



7|8 
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I 40. a. 



(Continuation of Chladni*8 Table.) 



7|4 40. b. 7|4 



42. tJs 48. 716 



44. b. 8|0 45. 



48. a. 8]3 48. b. 



8]0 



48. c. 8|d 



47. 



60. Sfi 



51. 8|5 52. 816 63. SfS 64. 9|2 



55.6. 9|8 66. 9|8 57. 9|4 



59. 9|5 



60. 10|8 61. 10j4 62. 10|4 



64. 



9|7 
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Fig. 1. 
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Fig. 2. 



Fig. 8. 
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Tabular Vibw 

Of all the figores of a square plate^ determined by calculation to result from 
two or four superpositions^ when the quiescent lines of the primary figures 
do not exceed twelve in number. 
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Table of Calculated Figures. — (Continued.) 
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XXVI. On the Reflex Function of the Medulla Oblongata and Medulla Spi- 
nalis. By Mabshall Hall^ M.D., F.R.S. L. Sj* E., 8^c. ^c. 

Received June U, — Read June 20, 1833. 

1. Introduction. 

J/H£ higher departments of every science are doubtless its general principles 
and its laws. These have a claim to our consideration beyond that of insulated 
facts or mere details. Impressed with this truths I have hitherto devoted my 
attention chiefly to the laws and principles of physiology. In a former memoir*, 
I gave the outline of one of the most general of the laws of this science, — that 
of the inverse ratio of the respiration and of the irritability. In the present 
memoir, I propose to give an account of a principle of action in the animal 
economy, which has not hitherto, I think, been distinguished with sufficient 
precision from the other vital and animal functions. 

The principle to which I have adverted is connected, in a peculiar manner, 
with the medulla oblongata and the medulla spinalis. There is still much dis- 
crepancy of opinion amongst physiologists, in regard to the properties and 
functions of these parts of the nervous system. Lbgallois concluded, from 
his interesting series of experiments, that the spinal marrow, as a whole, and in 
distinct portions, is the exclusive source of sensation and voluntaiy motion. 
He observes-f-, '* La vie du tronc depend de la moelle 6pinifere> et ceUe de 
chaque partie depend sp^cialement de la portion de cette moelle dont elle 
regoit ses nerfs. De plus, il est facile de d^montrer que cette prerogative de 
la moelle ^pini^re, d'etre la source du sentiment et de tons les mouvemens 
volontaires du tronc, lui appartient exclusivement k tout autre organe.*' The^ 
Reporters of the Institute adopt the conclusions of Lbgallois : '^ M. Legal- 
LOIS,"* they observe;};, ^^a d^montr^ que la section de la moelle ^pinifere sur les 

* Fhilosophical TranBactionB for 1832. 

t CEuvres de Lbgallois, Paris 1824, tome i. p. 62. } Ibid. p. 25L 

MDCCCXXXIII. 4 N 



Digitized by 



Google 



636 DR. MARSHALL HALL ON THE R£FL£X FUNCTION 

premieres ou sur les demiferes vertfebres cervicales, n'arrfite que les mouvemens 
inspiratoires^ et qu'elle laisse subsister dans tout le corps le sentiment et les 
mouvemens yolontaires. Cette distinction est capitale: personne ne Tavait 
faite avant lui*/* M. Cruveilhier^ on the other hand^ denounces this yiew of 
the functions of the spinal marrow as one of the errors of modem physiology. 
He observes^^ ^^L'ind^pendence des di verses parties de la moelle les unes des 
autres^ Find^pendence de la moelle du cerveau^ assez g^n^ralement admise 
dans ces demiers temps^ me parait une grave erreur physiologique fondle sur 
d'ing^nieuses experiences. Uopinion des anciens^ qui regardaient la moelle 
comme un gros cordon nerveux destine k r^pondre lui seul k tons les nerfe de 
r^conomie^ pour transmettre en definitive au cerveau les impressions^ ou pour 
en recevoir les impulsions volontaires ou organiques^ cette opinion est bien 
plus en harmonic avec les faits^ avec la grande loi anatomique de la continuity 
du systfeme nerveux.** 

It will not be difficult to prove that the conclusions of Legallois and the 
Reporters of the Institute^ are not legitimate deductions from the filets before 
them. But M. Cruveilhier altogether overlooks these facts^ which are amongst 
the most interesting in physiology, and adopts an opinion which, however true, 
is far too exclusive. 

On the more recent occasion of a report upon the admirable work of 
M. Flourens, the Perpetual Secretary of the Institute states his opinion on this 
point in a manner far more problematical. " Uauteur,** he observes, '' conclut 
que la sensation et la contraction n'appartiennent plus k la moelle ^pini^re 
qu*aux nerft ; et cette conclusion est certaine pour les animaux entiers. Ce 
serait une grande question de savoir si elle Test ^galement pour les animaux 
qui ont perdu leur enc^phale, etqui, dans certaines classes, paraissent loin de 
perdre sur-le*champ leurs fonctions animales:};.*' 

* More recently, M. Magewdie, M. Lallemand, and M. Oluvibb have repeated the same opinion: 
Anatomie des Syst^mes Nerveux, par A. Desmoulins, Paris 1825, p. 561, &c.; Observations Patholo- 
giques propres k 6clairer la Physiologie, ed. 2, Paris 1825, pp. 88, 96, &c.; Traits de la Moelle fipinifere, 
ed. 2, Paris 1827, p. 17, &c. The subject is unnoticed by M. Sbbbbs: Anatomie €k>mpar^e du Cerveau, 
Paris 1824. Hie physiologists of our own country have adopted the same views: Philip on the Vit^' 
Functions, ed. 3, p. 120; Mato's admirable Outlines of Human Physiology, ed. 3, p. 227-231, &c. 

t Anatomie Pathologique, Fasc. III. 

t Du SyBttoe Nerveux, par P. FLouams, Paris 1824, p. 70. 
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: It was a singular mistake to imagine that the same conclosion could be just 
in reference to the entire animal^ which was incorrect in reference to the aini- 
mal- deprived of its encephalon. The facts are these: in the entire animal, 
sensation and voluntary motion, functions of the cerebrum, combine with the 
functions of the medulla oblongata and medulla spinalis, and may therefore 
render it difficult or impossible to determine those which are peculiar to each ; 
if, in an animal deprived of the brain, the spinal marrow, or the nerves supply- 
ing the muscles, be stimulated, those muscles, whether voluntary or respiratory, 
are equally thrown into contraction, aiid, it may be added, equally in the com- 
plete and in the mutilated animal; and, in the case of the nerves, equally in 
limbs connected with and detached from the spinal marrow. 

The operation of all these various causes of muscular contraction may be 
designated centric, as taking place at, or at least in a direction Jram, central 
parts of the nervous system. But there is another function the phenomena of 
which are of a totally different order and obey totally different laws, being ex- 
cited by causes in a situation which is eccentric in the nervous system, that is, 
distant from the nervous centres. This mode of action has not, I think, been 
hitherto distinctly understood by physiologists. It is involved in the question 
which Baron Cuvier considers as so full of interest, and is that treated of in 
the following pages. 

Many of the phenomena of this principle of action, as they occur in the 
limbs, have certainly been observed. But, in the first place, this function is 
by no means confined to the limbs: for, whilst it imparts to each muscle its 
appropriate tone, and to each system of muscles its appropriate equilibrium 
or balance, it performs the still more important office of presiding over the ori- 
fices and terminations of each of the internal canals in the animal economy, 
giving to them their due form and action; and, in the second place, in the in- 
stances in which the phenomena of this function have been noticed, they have 
been confounded, as I have stated, with those of sensation and volition ; or, if 
they have been cUstinguished from these, they have been too indefinitely deno- 
minated instinctive, or automatic. I have been compelled, therefore, to adopt 
some new designation for them, and I shall now give the reasons for my choice 
of that which is given in the title of this paper. 

' This property is characterized by being excited in its action, and r^ex in its 
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Course : in every instance in which it is exerted^ an impression made upon the 
extremities of certain nerves is conveyed to the medulla oblongata or the me- 
dulla spinalis^ and is reflected along other nerves to parts adjacent to^ or re- 
mote from^ that which has received the impression. 

It is by this reflex character that the function to which I have alluded is to 
be distinguished from every other. There are, in the animal economy, four 
modes of muscular action, of muscular contraction. The^rst is that desig- 
nated voluntary: volition, originating in the cerebrum, and spontaneous in its 
acts, extends its influence along the spinal marrow and the motor nerves, in a 
direct Kne, to the voluntary muscles. The second is that of the respiration : 
like volition, the motive influence in respiration passes in a direct line from 
one point of the nervous system to certain muscles ; but as voluntary motion 
seems to originate in the cerebrum, so the respiratory motions originate in the 
medulla oblongata : like the voluntary motions, the motions of respiration are 
spontaneous ; they continue, at least, after the eighth pair of nerves has been 
divided. The third kind of muscular action in the animal economy is that 
termed involuntary : it depends upon the principle of irritability, and requires 
the immediate application x>f a stimulus to the nervo-muscular fibre itself. 
These three kinds of muscular motion are weU known to physiologists ; and I 
believe they are all which have been hitherto pointed out. There is, however, 
B,/ourth^ which subsists, in part, after the voluntary and respiratory motions 
have ceased, by the removal of the cerebrum and medulla oblongata, and 
which is attached to the medulla spinalis, ceasing itself when this is removed, 
and leaving the irritability undiminished. In this kind of muscular motion, the 
motive influence does not originate in any central part of the nervous system, 
but at a distance from that centre : it is neither spontaneous in its action, nor 
direct in its course ; it is, on the contmry, excited by the application of appro- 
priate stimuli, which are not, however, applied immediately to the muscular or 
nervo-muscular fibre, but to certain membranous parts, whence the impression 
is carried to the medulla, reflected, and reconducted to the part impressed, or 
conducted to a part remote from it, in which muscular contraction is efiected. 

The first three modes of muscular action are known only by actual move- 
ments or muscular contractions. But the reflex function exists as a continuous 
muscular action, as a power presiding over organs not actually in a state of 
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motion^ preserving in sonie^ as the glottis^ an open *, in ottiers^ as the spbin?- 
ters^ a closed form^ and in the limbs^ a due degree of equilibrium^ or balanced 
muscular action^ — a function^ not^ I thinks hitherto recognised by physiologists. 

The three kinds of muscular motion hitherto known may be distinguished 
in another way. The muscles of voluntary motion and of respiration may be 
excited by stimulating the nerves which supply them^ in any part of their 
course^ whether at their source, as a part of the medulla oblongata or medulla 
spinalis, or exterior to the spinal canal : the muscles of involuntary motion are 
chiefly excited by the actual contact of stimuli. In the case of the reflex 
function alone, the muscles are excited by a stimulus acting mediately and 
indirectly in a curved and reflex course, along superficial sub-cutaneous or sub- 
mucous nerves proceeding to the medulla, and muscular nerves proceeding 
from the medulla. The first three of these causes of muscular motion may act 
on detached limbs or muscles. The last requires the connexion with the me- 
dulla to be preserved entire. 

All the kinds of muscular motion may be unduly excited. But the reflex 
function is peculiar in being excitable into modes of action not previously sub- 
sisting in the animal economy, as in the cases of sneezing, coughing, vomit- 
ing, &c. The reflex function also admits of being permanently diminished or 
augmented, and of taking on some other morbid forms^ of which I shall treat 
hereafter. 

I shsJl thus have occasion to speak of the reflex function as the source of 
equilibrium in the muscular system ; as excitable into various actions, which, 
however femiliar, are not constant ; and as assuming morbid forms. 

Before I proceed to the detail of the experiments upon which this disquisi- 
tion rests, it may be well to point out several instances in illustration of the 
various sources and modes of muscular action which have been enumerated. 
None can be more familiar than the act of swallowing. Yet how complicated 
is this act ! The apprehension of the food by the teeth, the tongue, &c., is volun- 
tary, and cannot, therefore, take place in an animal from which the cerebrum is 
removed ^. The transition of the food over the glottis and along the middle 
and lower parts of the pharynx depends upon the reflex function : it can take 

* See LvGALLois, Op. at. p. 176 — 178. 

t Da Syst^e Nerveuz, par M. Floubbns, Paris 1824, p. 90. 
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place in animals from which the cerebrum has been removed % or the ninth 
pair of nerves divided ^ ; but it requires the connexion with the medulla 
oblongata to be preserved entire :|; ; and the actual contact of some substance 
which may act as a stimulus § : it is attended by the accurate closure of the . 
glottis, and by the contraction of the pharynx. The completion of the act 
of deglutition is dependent upon the stimulus immediately impressed upon the 
muscular fibres of the oesophagus, and is the result of excited irritability. 

The example which I have given is one of excited reflex function. The 
condition of the glottis during respiration, and that of the phar3mx and of the 
sphincters at all times, except during the acts of deglutition, or of excretion, 
afford equally interesting and familiar examples of the permanent influence of 
that function. Whilst the nervous connexion between the larynx and the me- 
dulla oblongata is preserved entire, — in the rabbit {Lepus cuniculus), for exam- 
ple, — ^the glottis IS preserved open, being slightly dilated during each act of 
inspiration ; but if the superior laryngeal nerves be divided, the aperture 
immediately becomes so much diminished, that a state of excessive dyspnoea 
is induced. The sphincter ani^ on the other hand, remains closed in the decapi- 
tated turtle {Chehnia my das) ^ if the lower part of the medulla spinalis be left 
in its canal ; but it becomes immediately relaxed and open, if this part of the 
nervous system be withdrawn. The action of this muscle depends upon the 
medulla spinalis, and not upon the brain only. 

However plain these observations may have made the &ct, that there is a func- 
tion of the nervous and muscular system distinct from sensation, from the vo- 
luntary and respiratory motions, and from irritability, it is rights in every such 
inquiry as the present, that the statements and reasonings should be made with 
the experiment, as it were, actually before us. It has already been remarked, that 
the voluntary and respiratory motions are spontaneous acts, not necessarily re- 

* Du Syst&me Nerveux, par M. Flourenb, Paris 1824, p. 90. 

t The Nervoua System, by Chablbs Bell, F.R.S. 4to ed. 1830. Appendix, p. cxviii. 

X De rUsage de TEpiglotte, par M. Magbndix, Paris 1813, pp. 6, 23, &c. 

§ This is the reason of our inability to peifonn the act of swallowing two or three times in rapid suc- 
cession, without taking something into the mouth, or allowing time for the secretion of a portion of 
saliva. The reflex function must be excited into action by the contact of a stimulus. The act of 
swallowing cannot, therefore, be renewed unless some substance, as saliya, be carried into contact with 
the pharynx. See further, p. 661. 
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quiring the agency of a stimulus. If, then, an animal can be placed in such 
circumstances that such motions will certainly not take place^ the power of 
moving remaining^ it may be concluded that volition and the motive influence 
of respiration are annihilated. Now this is effected by removing the cerebrum 
and the medulla oblongata. These facts are fully proved by the experiments of 
Lbgallois and M. Flourens^ and by several which I proceed to detail^ for the 
sake of the opportunity afforded by doing so, of stating the argument most clearly. 

I divided the spinal marrow of a very lively snake {Coluber natrix)^ between 
the second and third vertebrae. The movements of the animal were, immedi- 
ately before, extremely vigorousand unintermitted. From the moment of the 
division of the spinal marrow, it lay perfectly tranquil and motionless, with 
the exception of occasional gaspings and slight movements of the head. 

It became quite obvious that this state of quiescence would continue indefi- 
nitely, were the animal secured from all external impressions. 

Being now stimulated, the body began to move with great activity, and con- 
tinued to do so for a considerable time^ each change of position or situation 
bringing some fresh pait of the surface of the animal into contact with the 
table or other objects, and renewing the application of stimulus. 

At length the animal became again quiescent ; and being carefully protected 
from all external impressions, it moved no more^ but died in the precis/e posi- 
tion and form which it had last assumed. 

It requires a little manoeuvre to perform this experiment successfully : the 
motions of the animal must be watched, and slowly and cautiously arrested by 
opposing some soft substance, as a glove or cotton wool ; they are by this means 
gradually lulled into quiescence. If at this moment the figure last assumed 
be sketched upon paper, and the animal be left, protected from external impres- 
sions, it will be found to retain the same identical form when all vitality has 
ceased. 

The slightest touch with a hard substance, the slightest stimulus, will, on the 
other hand, renew the movements of the animal in an active form. But that 
this phenomenon does not depend upon sensation, is further fully proved by 
the facts, that the position last assumed, and the stimuli applied, may be such 
as would be attended by extreme or continued pain, if the sensibility were un- 
destroyed : in one case the animal remained partially suspended over the acute 
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edge of the table ; in others the infliction of punctures, and the application of 
a lighted taper, did not prevent the animal, still possessed of active powers of 
motion, from passing into a state of complete and permanent quiescence. 

The same observations were made upon various other animals — ^the turtle, 
the viper {Fipera Berus), the toad {Bu/o vtdgaris), the frog (Rana temporaria), 
the eft (Triton cristatus), &c. It may therefore be stated as a general feet, 
that if an animal b6 deprived of the cerebrum and medulla oblongata, and 
placed under an inverted bell-glass, or otherwise protected from external sti- 
muli, it will not move, however easily it may be excited to motion by external 
impressions. 

I must now solicit the attention of the Society to three important points : 
it is obvious, 

1st, That sensation can act, in inducing muscular motion, only through the 
medium of volition ; 

2ndly, That, in the experiments which have been described, volition, — ^the 
will, and not the powevy to move, was annihilated; 

3rdly, That, in such cases, — ^volition being destroyed and the agency of sen- 
sation excluded, — ^the influence of external impressions, which miglit be sup- 
posed to induce pain, must have been exerted upon some property of the ner- 
vous system different from sensibility. 

The absence of spontaneous motions in decapitated animals, proves the 
privation of volition ; and the privation of volition removes all evidence of 
sensibility in excited motions, and indeed positively excludes its influence. 
Sensation, volition, and motion, may be viewed as three links of the chain, 
in the case in which motion is induced by pain. If the second link be de- 
stroyed, the cormexian between the first and third is dissolved. The proof, in 
fine, that the excited motions which belong to the reflex function are indepen- 
dent of sensation, is precisely of the same character as that by which the 
motions due to irritability are distinguished from the same principle. 

We are hence led to the conclusion that the excited motions of decapitated 
animals are dependent upon a principle different from sensation and volition ; 
and we are further led to the inquiry — W)MaX is the nature of that principle — 
what the cause of those motions, which remain after sensation and volition are 
destroyed? 
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But before I enter upon this question, it is important to show still more 
distinctly than I have done, the distinction between the movements arising 
from the reflex function of the medulla oblongata and medulla spinalis, and 
those arising from irritability itself. If the glottis of an animal be touched, there 
is an immediate contraction. If the heart be touched, the same phenomenon is 
observed. What is the difference between the excited movements of these two 
organs ? If the brain be removed, the same events still take place. If the me- 
dulla oblongata be removed, the contractions of the stimulated larynx sud- 
denly cease, whilst those of the heart continue as before. The difference con- 
sists, then, in the presence of the medulla oblongata, which is essential to the 
contractions of the larynx, but of which those of the heart are entirely inde- 
pendent. The influence of the stimulus upon the heart is immediate. That 
of a stimulus applied to the larynx must pass to the medulla oblongata, and 
be reflected upon the part moved. 

It is interesting to compare the excited movements of the glottis and the 
submaxillary textures, of the sphincter ani and the tail, and of the heart, in these 
several parts *of the recently killed turtle, placed together upon the same table. 
All continue vigorous for a considerable time, until the medulla oblongata or 
the medulla spinalis be withdrawn, when the movements of that portion of the 
respiratory apparatus which is attached to the head, or of the sphincter and 
tail, cease in an instant. 

The reflex tunction of the medulla is most permanent and apparent to obser- 
vation in those animals in which the respiration is lowest. The cold-blooded 
animals, the hybernating animal, and the very young of the warm-blooded, are 
therefore the subjects in which this function can be best studied. It may be 
retained, or restored, however, in the adult warm-blooded animal, by retaining 
the respiration, or by renewing the respiration artificially, — a fact, which con- 
stitutes another characteristic of the reflex function, and distinguishes it from 
irritability, and which is, in my opinion, one of the most remarkable in phy- 
siology, and highly worthy of further investigation. These remarks will readily 
suggest the proper choice of animals, and mode of experiment, for the display 
of the reflex function. I now proceed to the detail of the various experimente 
which I have made upon this subject, and shall then deduce the conclusions 
which appear to flow from them. 

MDCCCXXXIII. 4 o 
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II. Experiments. 

The phenomena of the reflex function^ like those of the irritability, are» a$ 
I have just stated, more obsei'vable in the lower orders of animals, in the very 
young of the higher orders, and in the state of hybernation. It will be Ibund, 
however, that the full-grown mammalia are not less distinctly endued with this 
property of the nervous system, whilst the functions of respiration and circula* 
tion are continued. 

The first experiment which I made was upon the turtle. 

This animal was decapitated in the manner usual with cooks, by means of a 
knife, which divided the second or third vertebra. 

The head being placed upon the table for observation, it was first remarked 
that the mouth opened and shut, and that the submaxillary integuments de* 
scended and ascended, alternately, from time to time» replacing the acts of 
resputttion. I now touched the eye or eyelid with a probe. It was imme- 
diately closed : the other eye closed simultaneously. I then touched the nostril 
with the probe. The mouth was immediately opened widely, and the submaxf 
illary membranes descended. This effect was especially induced on toudiing 
the nasal fringes situated just within the anterior part of the maxilla. I passed 
the probe up the trachea and touched the larynx. This was immediately fol« 
lowed by a forcible convulsive contraction of the muscles annexed to it. 
Having made and repeated these observations, I gently withdrew the medulla 
and brain. All the phenomena ceased from that moment. The eye, the nos^ 
tril, the larynx were stimulated, but no movement followed. 

The next observations were made upon the other parts of the animaL The 
limbs, the tail, were stimulated by a pointed instrument or a lighted taper, 
lliey were immediately moved with rapidity. The sphincter was perfectly 
circular and closed ; it was contracted still more forcibly on the application of 
a stimulus. The limbs and the tail possessed a certain degree of fiminess or 
tone, recoiled on being drawn from their position, and ntov^ with energy ob 
the application of the stimulus. On withdrawing the spinal marrow gently out 
of its canal, all these phenomena ceased. The limbs were no longer obedient 
to stimuli, and became perfectly flaccid, having lost all their rerilience. The 
sphincter lost its circular form and its contracted state, becoming lax, flaccid, 
and shapeless. The tail was flaccid, and unmoved on the application of stimuli. 



Digitized by 



Google 



OF THE MEDULLA OBLONGATA AND SPINALIS. 645 

This experiment affords evidence of many important faults in physiology. It 
proves that the presence of the medulla oblongata and spinalis is necessary to 
the contractile function of the eyelids^ the sub-masdllary textures, the larynx, 
the spliincters, the limbs, the tail, on the application of stimuli to the cutaneous 
surfaces or mucous membranes. It proves the reflex character of this property 
of the medulla oblongata and spinalis, and the dependence of these motions 
upon the reflex function. It proves that the tone of the limbs, and the con^ 
tractile property of the sphincter, depend upon the same reflex function of the 
medulla spinalis,— effects not hitherto suspected by physiologists. 

I must now state that the phenomena which have been detailed subsist in 
distinct portions of the divided nervous system. If, after severing the head of 
the turtle, the lower extremities and the tail be separated together, in the man- 
ner usual vrith cooks, the phenomena which I have described are still observed 
in the distinct and separate portions of the animal. The head, the anterior 
extremities, and the tail present the movements which have been described, 
when severally stimulated. The posterior extremities alone were observed to be 
flaccid and untmpressible by stimuli ; and these were found, on examination, 
to have been separated from their connexion with the spinal marrow. 

An interesting experiment demonstrates the powerful influence of the reflex 
function over the sphincter ani in the turtle. If, after the removal of the tail 
and the posterior extremities, with the rectum, and of course with a portion of 
the spinal marrow, water be forced into the intestine, by means of Read's 
sj^nge, both the cloaca and the bladder are fully distended before any part of 
the fluid escapes through the sphincter, which it then does on the use of much 
force only, and by jerks. The event is very different on withdrawing the spinal 
marrow: the sphincter being now relaxed, the water flows through it at once in 
an easy continuous stream, with the application of little force, and witiiout 
inducing any distension, even of the cloaca. 

I was first struck with the phenomena of the reflex function of the spinal 
marrow in the separated tail of an eft. On being excited by the point of a 
needle passed lightly over its surfiau^e, it contracted and moved as if it still 
formed a part of an entire animal. 

On another occaenon, having removed the head of a frog, I divided the spine 
between the third and fomth vertebrae, and separated the upper portion of the 
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animal from the lower. Tliere were then the head^ the anterior extremities^ 
and the posterior extremities^ with their corresponding portions of meduUa, as 
three distinct parts of an animal. £ach preserved the reflex fonction. On 
touching an eye^ it was retracted, and the eyelids closed, whilst similar phe- 
nomena were observed simultaneously in the other eye. On removing the 
medulla, these phenomena ceased. On pinching the toe of one ci the anterior 
extremities, the limb and the opposite limb equally moved. On removing the 
spinal marrow, this phenomenon also ceased. Precisely similar effects were 
observed in regard to the posterior extremities. 

Similar phenomena are also observed in the snake. If the head be removed, 
and a pointed instrument or a lighted taper be brought into contact with any 
part of the surface, it is instantly moved. The motion consists in a flexion of 
the entire part, and in a concentric movement of the integuments towards the 
point irritated; so that the muscles situated along the spine, and certain 
muscles analogous to the panniculus camosus, are excited to contraction. 
The extremity of the tail is most impressible. The function which presides 
over these movements subsisted in every part of the animal separated from the 
rest, but instantly ceased on removing tlie spinal man'ow. 

On touching a point immediately within the teeth of the upper jaw, the 
larynx was suddenly drawn downwards and closed. These movements could 
also be excited by touching the nostrils. They ceased on removing the me- 
dulla oblongata. 

Similar phenomena are seen also in the very young of the mammalia. A 
rabbit, one day old, was immediately deprived of all voluntary or respiratory 
motion, with the exception of gaspings, by dividing the spinal marrow near 
the occiput. Yet the head and the limbs moved, on stimulating the ears or 
the feet. 'Hiese movements ceased in a quarter of an hour, but were renewed 
by firtificial respiration. The phenomena were precisely similar after decapi- 
tation, haemorrhage being prevented and artificial respiration maintained. All 
ceased on removing the medulla oblongata and spinalis. 

One of the most remarkable of the phenomena attached to the reflex ftmc- 
tion in animals, is that presented by those muscles of the hedgdiog {Ermaceus 
eurapceus) by means of which that animal assumeis, in certain circumstances, 
the form and firmness of a ball. The reflex function seems especially to con- 
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nect the roots of the spines with the lunscl^. If the animal be examined nn- 
der the influence of hybernation^ the reflex function continues for some hours 
after the brain is removed ; the panniculus camosus^ the limbs^ the tail^ the 
larynx^ the sphincter ani^ remain excitable, and retain a degree of tone* These 
phenomena cease on removing the medulla spinalis. 

The phenomena of the reflex function seen in tiie panniculus canuxsus, and 
in other muscles of the hedgehog, are also particularly displayed in the very 
young animal, in which the peculiar movements of this creature are excitable 
for a considerable time after decapitation, or the division of the spinal marrow, 
and long after the cessation of the voluntary and i*espiratory motions, when it 
is in a languid and dying state. 

In the case of the decapitated young hedgehog, after all gasping has ceased, 
motions of the larynx are still excited on irritating the nostrils, or on irritating 
the medulla itself; just as the peculiar motions of the trunk are excited on 
irritating the limbs, tail, or spines,-<K>r the spinal marrow. 

Nor are we without evidence that the same principles obtain in the human 
subject. The condition of the infant born without cerebrum or cerebellum, 
and breathing from the influence of the medulla oblongata alone, is precisely 
that of the reflex function, with the addition of respiration. Such a case has 
been witnessed and described by Mr. Lawrence *. ^^The child moved briskly 
at first, but remained quiet afterwards, except when the tumour was pressed, 
which occasioned general convulsions. It breathed naturally, and was not 
observed to be deficient in warmth, until its powers declined. I regret that, 
from a fear of alarming the mother, no attempt was made to see whether it 
would take the breast : a little food was g^ven it by the hand. It voided urine 
twice in the first day, and once a day afterwards : it had three dark-coloured 
evacuations. The medulla spinalis was continued for about an inch above the 
foramen magnum, swelling out into a small bulb, which formed the soft tumour 
on the basis of the skull. All the nerves, from the fifth to the ninth, were con* 
hected to this." This brief detail is fall of interest. The. respiration was natu- 
ral, the medulla oblongata being entire. Swallowing was effected when food 
was forong^t into contact with the pharynx ; the sphincters performed their 
functions ; the limbs were moved when the skin was first impressed by the 
. * Medioo-Chiniigical Traataotions, toI. ▼. page 168. 
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atmospheric air* Th^« was no. indication of sensation — the child remdned 
quiet after the first brisk movements ; and no event is mentioned which could 
establish the existence of voluntary motion9*--the acts of swallowing^ and of the 
expulsion of the urine and faecies^ with the functions of the larynx and of the 
sphincters^ belonging distinctly to the reflex function. 

M. Lallbmand has briefly described a case of anencepfaalous foetus*. ^^ J*ai 
vu, U y a quatre ans^ k rHdtel-Dieu, un foetus anenc^phale^ k terme^ ou k 
pen pr^^ qui vdcut trois jours. Pendant tout ce temps il poussa des oris asses 
forts, exerga des mouvemens de succion toutes les fois qull sentit qudque 
chose entre ses l^vres; mais on fut oblig6 de ie nourrir avec du lait et de Feau 
sucrde, parce qu*aucune nourrice ne voulait lui donner le sein* II ex^utait 
des mouvemens assez €tendus des membres thoraciques et abdominaul. 
Quand on pla^ait un corps Stranger dans ses mains, il fl^chissait les doigts 
comme pour le saisir; mais en g^n^ral tons ses mouvemens avaient moins 
d*£nergie que ceux d'un foetus de mdme fige* 

^' Le cerveau et le cervelet manquaient enti^rement: il ne restait k la base du 
cr&ne que la moelle allong^e et la protuberance annulalre, avec I'origine des 
nerfs pneumo^gastrique, tri&cial et optique. Le tout 6tait reconvert par les 
debris des os dn crftne, des meninges et de la peau.'' 

A similar case is detailed by M. OixiviBR'f', who remarks — ^^^ J'observai Fen- 
font anenc^phale deux heures apr^ sa naissance. Les yeux ^taient constam- 
ment ferm6s; il poussait des oris fr^quens qu*on cahnait facilement en intro- 
duisant le petit doigt dans sa boudie: il exergait alors des mouvemens de sue* 
cion r^p^^ ; il agitait ses membres avec assez de force, et serrait entre ses 
doigts les corps qu*on plagait dans ses mains. 

^^ Je le revis au bout de trois heures. Les pieds et les mains ^taient devenus 
viblets et froids; la respiration ne s'op^rait plus k des intervalles aussi rappro-* 
ch65; les mouvemens de la moSlle ^pini^re, que j'avais remarqu^ d'abord, con- 
tinuaient toujours d'avoir lieu, et suivaient chacune des grandes et longues in**- 
spirations qu*il faisait. Les oris 6taient moins forts et moins fr^quens: on lui 
donna k diverses reprises de petites cuillei-^ de vin vieux sucr^. 

^' Insensiblement le refroidissement des extr^it^si gagna le reste des mem^ 

* Obaervataons Patholog^ques, p. 86. 

t Tmt6 dela MolOle ipini^, ed. 2» Paris 1897, p. 165. 
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bres et le tronc; la raspiratipn 8*op4rait k de plus lov^ intervaUeA : elle devint 
convulsive. Get 6tat persista pendant six ou hitit heures; ses oris devinrent 
plus fidbles et plus 6loiga68, de mSme que les mouvemens de la respiration^ 
qui ^talent accompagn^ de convulsions g^n^rales, et il mourut dans un yMU 
able 6tat d'asphyxie^ aprte avoir pooss^ un cri analogue k celui qui r6sulte du 
hoquet." 

M. Oluvibr adds, (p. 161)—^^ II n'existait pas ici un seul rudiment de Tencd- 
pbale et des prolongMoens de la moSUe along^e; la moelle ^pinifere seule ^tait 
restde intacte^ et cependant cet in&at ezer^iit des succions r^pdt^es^ et serrait 
avec assez de force entre ses doigts les corps qu'on pla9ait dans sa main ; ces 
mouvemens ^talent loin d'etre automatiques comme ceux qui agitaient les 
membres infi6rieurs.** 

These cases^ in connexion with the preceding one, are full of interest. The 
peculiar cries^ which resemble^ in their rationale, the croup-like convulsion 
from dentition ; the closed state of the eyelids ; the action of suction excited by 
the contact of the finger; the closure of the fingers excited by objects placed 
in the pahn of the hand, and the movements of the inferior extremities, in this 
acephalous infant, are phenomena of the reflex function of the most deeply 
interesting character* 

The following fdicta are extracted from a letter addressed by Mr. Swbatman 
to Sir CHARI4BS Bell, and published in the ^^ Nervous System"'*': — ''After the 
membranes had given way, and the liquor amnii had escaped, the midwife on 
examining found another membranous bag presenting, which she naturally 
supposed belonged to a seocmd child, and therefore did not interfere. During 
the passage of this bag under the os-pubis, it suddenly burst, and the whole of 
the brain escaped from the opening very much smashed, and hanging together 
only by its membranes. The child breathed with perfect freedom and cried 
strongly, rolling its eyes about in a wild, staring manner. It moved its lower 
extremities freely, and that not from spasm, but obviously fn obedience to ex^ 
temal impresrions. There was no motion whatever of the upper extremities. 

'^ In this state it remained for about three hours, when all motion in the 
extremities ceased, the eyes became fixed, and the breathing gradually slower, 
till it ceased altogether, just seven hours after the birth of the child. During 

* Appendix, p. cxzzvi. 
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this time neither urine nor meconium passed^ nor had [there been any hae- 
morrhage from the vessels of the brain. 

^^ On examination the occipital bone and the posterior part of several of 
the cervical vertebrae were found wanting^ and their place had been occupied 
by fluids surrounded by a membranous bag; an instance of spina bifida of the 
neck. The spinal marrow was perfect. 

^^ A somewhat similar case occurred to me about three years ago^ when I 
had occasion from peculiar circumstances to remove the brain of a child through 
the anterior fontanelle. In that instance^ about ten minutes elapsed before its 
birth^ yet it drew a deep inspiration, and would have cried had it not been 
prevented; and the motions of the lower extremities continued about half an 
hour, although the whole of the brain had been removed, and a blunt instru- 
ment repeatedly thrust down the foramen magnum */" 

It is distinctly proved, by this series of observations, that the reflex function 
exists in the medulla independently of the brain; in the medulla oblongata in- 
dependently of the medulla spinalis; and in the spinal marrow of the anterior 
extremities, of the posterior extremities, and of the tail, independently of that 
of each other of these parts, respectively. 

There is a still more interesting and satisfactory mode of performing the ex- 
periment : it is to divide the spinal marrow between the nerves of the superior 
and inferior extremities. We have then two modes of animal life : the first 
being the assemblage of the voluntary and respiratory powers with those of 
the reflex function and irritability ; the second, the two latter powers only : 
the first are those which obtain in the perfect animal, the second those which 
animate the foetus. The phenomena are precisely what might have been anti- 
cipated. If the spinal marrow be now destroyed, the irritability alone remains, 
*— all the other phenomena having ceased. 

The spinal marrow of a frog was divided between the anterior and posterior 
extremities. It was immediately observed that the head and the anterior ex- 
tremities alone were moved spontaneously and with design, the respiration 
being performed as before. But the posterior extremities were not paralyzed : 
they were drawn upwards, and remained perfectly motionless, indeed, un- 
less stimulated ; by the application by any stimulus, they were moved with 

* See a similar case by Mr. Hammond, in the Medioo-Chirurgical Transactions, vol. xii. p. 308. 
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energy^ but once only, and in a manner perfectly peculiar. The stimulus was 
not felt by the animal, because the head and anterior extremities remained 
motionless at the time it was applied. Nothing could be more obvious, and 
indeed striking, than the difference between the phenomena of the functions of 
sensation and volition observed in the anterior part of the animal, and those of 
the reflex function in the posterior: in the former there were spontaneouel 
movements with obvious design ; in the latter^ the mere effect of stimulus. 

The same experiment was made upon the toad ; but for some reason, probably 
anatomical, it does not succeed so uniformly in this animal as in the frog. 

The experiment was repeated upon a guinea-pig. The effect was an imme- 
diate and total paralysis of sensation and voluntary motion in the posterior 
extremities : there was no expression of pain when they were pinched, nor was 
there the slightest indication of a power of spontaneous motion : they were 
dragged along when the animal moved. But they were not unimpressible by 
stimuli, nor destitute of the power of moving when stimulated : on the con- 
trary, when pinched, they displayed a sort of repeated, hurried motion, alto- 
gether peculiar. The power of the sphincters was evidently preserved. In a 
word, the reflex function remained entire. 

In all these experiments the upper part of the animal presented the pheno- 
mena of sensation and of spontaneous movements ; in the lower, there was 
total paralysis of these powers ; yet the reflex function, the excitability, the 
firmness of the limbs^ and the irritability remained. It now remains to be 
stated, that the reflex function admits of exaltation and of diminution. 

If a frog be made to swallow a watery solution of strychnine or of opium, 
or if such a solution of strychnine or opium be applied to the skin, the animal 
soon becomes affected with symptoms perfectly similar to those of tetanus. 
The surface becomes highly susceptible to the impression of stimuli, and the 
muscles of the limbs become affected with continued spasmodic action. The 
affection is obviously one of augmented reflex function of the medulla. It ac- 
cordingly ceases instantly on destroying the nervous masses. 

A frog made tetanic by opium was decapitated, and divided just below the 
third vertebra. The eyes were retracted, and no movement could be detected 
on irritating the eyelids or skin. Both the anterior and posterior extremities 
remained susceptible, and tetanic, as before : the limbs were moved in the same 

MDCCCXXXIII. 4 p 
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spasmodic manner by the same slight impressions. All was changed on re- 
moving the brain and spinal marrow. The eyes were no longer retracted. The 
muscles of the limbs were immoveable under the action of stimuli, and per- 
fectly flaccid, having lost their exalted tone. 

Precisely S:imilar phenomena were observed when the frog was made tetanic 
by opium or strychnine and divided into three portions, the head, the anterior 
and the posterior extremities ; and in the eft made tetanic and divided into the 
head, anterior and posterior extremities, and taiL Each part remained tetanic, 
impressible by the slightest touch, and spasmodically contracted on any appli- 
cation of stimulus. The tetanus in each is instantaneously terminated by de- 
stroying the corresponding portion of spinal marrow, the head, the limb, or 
the tail, instantly manifesting a perfectly relaxed and flaccid condition of the 
muscles. The irritability remains unimpaired. 

These facts complete the proof that the phenomena which I have referred to 
the reflex ftinction, do not depend either upon sensation and volition, or upon 
irritability. It is plain that the spasmodic actions in tetanus are not voluntary 
actions, and they obey the same laws as the movements observed in an animal, 
or parts of an animal, not tetanic, under the influence of stimuli. It is equally 
plain that phenomena which depended upon excited irritability would not cease 
whilst that irritability remained unimpaired*. 

The phenomena of tetanus, in its effects upon the limbs, enable us to conceive 
more distinctly than we should otherwise do, the effect of the reflex function 
in its natural state, in maintaining the due degree of balance and antagonism 
of the muscles and firmness of the limbs. 

If a few drops of dilute hydrocyanic acid be placed upon the tongue of a 
frog, a state of things the reverse of that just described as the effect of opium 
or strychnine is induced: the contractions which depend on the reflex function 
are observed to become less and less energetic and excitable, and at length 
cease altogether. 

* Having observed tkese fecte in connexion with the reflex function, it became a question whether 
the rigidity of the muscles immediately consequent to death depends upon the same principle. Two 
rabbits were killed ; in one the spinal marrow was destroyed, in the other it was left entire. Both, 
liowever, became eqiiafiy rigid. So that tlie spasm of death m a mere effect of irritability, and not of 
the reflex foaotioa ei the •piaal narrow. 
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Having thus detailed the phmomena of the reflex faactiim, as tbey are ob- 
served in their ordinary and augmented and dimiinshed degrees of force^ I 
shall briefly enumerate some of those Mcited motions observed in various parts 
of the animal frame^ which are obviously referrible to the same function* 
' The most healthy condition, of the reflo: function is that^ the result of 
which is the due state of balance between antagonist muscles. But certain 
excited states of this limction csai scarcely be viewed as otherwise than 
healthy : such ar^-^winking when an object touches the eyelid, the singular 
effect of dashing cold water on the face, and the singular efiect of tickUng * 
upon the respiration, sneeeing from irritation of the nostrils, cough from that 
of the larynx, vomiting team that of the pharynx, strangury from irritation of 
the rectum, and tenesmus from that of the bladder, &o. 

The excited reflex function is observed on touching the eye, the nasal fringes, 
or the larynx, in the separated head of the turtle ; and on touching the sphincter, 
the tail, or the limbs, of the separated lower portion of that animal ; in the 
frog, the lower extremities are sometimes moved with violence even, on the 
application of a stimulus, after the division of the spinal marrow. AU the 
systems of muscles, therefore, obviously partake of this remarkable action. 

It is plain, from the preceding observations, that the reflex function may be 
viewed as subsisting in its natural state, in its state of general excess or failure, 
and in its state of momentary and partial excitement. 

III. Pathology. 

There still remains an interesting part of this inquiry. What relation does 
the reflex function bear to the art of physic ? It will soon be seen that it throws 
a ray of light over some obscure points in medicine. Indeed the study of the 
reflex function appears to me to reveal and explain a totally new order of &cts 
in pathology, and to lead to a new division of the diseases of the nervous sy- 
stem, coinciding with the different modes of operation of their causes, into those 
of centric and those of eccentric origin. 

One of the most interesting of medical subjects, in relation to the reflex 

* I can Tetdiljr imagine that tickling may hare been carried to such an extent as to interrupt the 
reqnration and prove fatal by asphyxia, as in a recent instance said to have occurred on the Continent. 
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function^ is that of dentition. Dentition is a sort of natural experiment upon 
this function. The general convulsion, the strabismus, the spasm of the fingers 
and toes, the croup-like affection of the respiration, the repeated vomitings, 
the tenesmus, the strangury, the involimtary discharge of urine and of the 
faeces, from its operation, denote the influence of irritation of the maxillary 
nerves, through the medium of the meduUa, upon the muscles of voluntary and 
respiratory motion, of the tye, the larynx, the sphincters, &c.^ in the human sub- 
ject, and indicate so many arcs of the reflex function. However these facts 
may have been known, their true rationale has not been discovered. In all such 
cases the remedy is, to relieve the part in which the cause is operating. In the 
present instance the maxillary nerves and vessels are to be relieved by free sea* 
rification; the lancet should be used freely, daily, or still more frequently. 

The young of other animals, and especially of the feline and canine species, 
are exceedingly subject to similar effects from dentition, which are not unfre- 
^ quently fatal. The fatal event is frequently owing to interrupted respiration. 
In one instance, the asphyxia was averted, in a very young puppy, by artificial 
respiration, effected by alternate compression and relaxation of the parietes of 
the thorax. 

The reflex function is far more excitable in the very young animal. The 
second dentition rarely, therefore, induces such affections as the first. 

With the effects of dentition in infants, some affections of the adult may be 
compared, as chorea, some forms of epilepsy, and some forms of asthma. The 
diseases to which these designations have been given vary exceedingly in dif- 
ferent instances ; inasmuch as some cases are of centric and others of eccentric 
origin. One characteristic distinguishes the latter form of the disease, — ^it 
usually combines more affections of the reflex function than one. Such a form 
of epilepsy, for example, combines hickup, or even vomiting, with the epileptic 
attack. The usual source of those forms of disease is in the intestinal canal, 
the stomach being irritated by improper diet or the bowels by morbid contents. 
This division of the subject leads to an important distinction of these cases 
into those which admit comparatively more easily, and more difficultly, of cure. 

Epilepsy is plainly of two kinds : the first has a centric origin in the me- 
dulla itself; the second is an affection of the reflex function, the exciting cause 
being eccentric, and acting chiefly upon the nerves of the stomach or intes- 
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tines, which consequently form the first part of the reflex arc. The fieu^t of the 
frequent occurrence of a fit of epilepsy in coitu is very interesting in reference 
to the reflex function : it distinctly connects these two events ; and it affords 
another instance of an influence exerted, through the medium of this function, 
between distant parts of the spinal marrow. There is but a step, as it were, 
from the normal afiection of the nervous, muscular, and respiratory systems, in 
that circumstance, to an attack of epilepsy itself. 

The disease termed asthma claims rather more than an incidental notice in 
this place. True asthma, viz. that form of this disease which occurs in youth, 
and assumes a distinctly spasmodic form and course, like so many other mor* 
bid conditions of the reflex function, frequently arises from gastric or intes- 
tinal irritation. It is also frequently excited by the contact of certain powders, 
as that of ipecacuanha, with the larynx, just as sneezing is induced by similar 
impressions upon the nostrils. It appears to consist in an action excited, 
through the reflex function, in the larger bronchia. The influence of the smoke 
of the stramonium in relieving the attack of asthma is another argument in 
fovour of its being an affection of the refl^c function. Indeed, a comparison 
of the various causes, the mode of attack, the course, and the effects of reme- 
dies, in this singular morbid affection, alike denote its relation to this peculiar 
function. 

With the effects of dentition, those of gastric or enteric irritation, in their 
multiplied forms, may be compared. 

Tenesmus and strangury are affections of other arcs of the reflex function. 

One circumstance in the pathology of the reflex function is very remarkable. 
Several forms of the morbid affections of this function occur during the first 
sleep. This is the case with the croup-like affection arising from dentition, 
with spasmodic asthma, and with a peculiar painful affection of the rectum, 
not hitherto described. 

Tetanus and hydrophobia appear equally to result from injuries inflicted 
upon the extremities of certain nerves, by means of which the morbid influence 
is conveyed to the meduUa, whence it is reflected through the motor nerves to 
the muscular system. As free lancing of the gums in dentition, so the early 
division of the wounded nerve or amputation in tetanus, has, at once, checked 
the morbid affection. Is it possible that hydrophobia might be arrested by. a 
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similar procedure ? The subject is of intense interest^ and deserving of the 
fullest attention. 

Certain poisons^ as the strychnine^ induce excess in the reflex function; 
other poisons^ as the hydrocyanic acid^ destroy it altogether. In both cases 
the muscular irritability remains perfect and undiminished. It is probably 
through the medium of the same functions that many other poisons act upon 
the animal economy. 

In a frog^ recently killed by strychnine^ the irritability of the muscular fibre 
remained unimpaired^ — a proof that the tetanus of strychnine is an exalted 
condition of the r^ex function^ and that the consequence is the exhaustion 
of that function, and not of the irritability. Another frog, destroyed by the 
hydrocyanic acid, presented similar phenomena of unimpaired irritability on 
the applicaticm of galvanism. In either case, if the animal be placed in water 
through which a slight galvanic spark is passed, the limbs are immediately 
and forcibly extended. 

The study of the reflex function will doubtless throw an important light 
upon toxicology, as well as some parts of pathology, and of the causes and 
treatment of diseases, — subjects which, as they are more immediately connected 
with medicine, I purpose forthwith to pursue elsewhere. 

Diseases of the nervous system, then, may be divided into those which have 
their origin at the nervous centres^ and those which originate at a distance 
from those centres ; and especially in some part of the nervous arc, the func** 
tion of which has formed the subject of this paper, — ^into those of centric and 
into those of eccentric origin. It is highly probable that the diseases of the 
latter class are more numerous than they may at first be supposed to be. 
Chorea, hysteria, tremor, and convulsion have, doubtless, sometimes a centric, 
sometimes an eccentric origin. In the latter case, the nervous centres may be»> 
come morbidly affected in the course of the disease, and the appearances after 
death may mislead the medical inquirer as to the original cause and seat of the 
disease. But the whole of this investigation must be reserved for the Trans-* 
actions of another Society. I shall add but one fact more of a medical cha- 
racter in this place. 

Lbgallois appears to have experienced great difficulty in explaining the 
occurrence of paralysis from disease of the cerebrum, impressed, as he was 
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that the spinal marrow constituted the source of voluntary motion. He ob- 
serves, '^ Quand bien mSme on n'apercevrait aucun moyen de les concilier, il 
n*en demeurerait pas moins vrai^ d'une part, qa*une affection born6e unique- 
ment au cerveau pent 6ter le sentiment et le mouvement volontaire k la moiti^ 
du corps, et de Tautre, que le sentiment et le mouvement volontaire peuvent 
subsister et 6tre entretenus dans un animal d^cajnt^ Quelque oppos^ que 
ces faits paraissent Stre, il faut se souvenir que deux faits bien constat^ ne 
peuvent jamais s*exclure Tun Tautre, et que la contradiction qu'on croit y re- 
marquer tient h ce qu'il y a entre eox quelque interm^diaire, quelque point de 
contact qui nous ^happe *.** The focts which have been detailed in this paper 
enable us readily to remove this difficulty, and to account for the paralysis in* 
duced by disease of the cerebrum, on one hand, and for the movements of an 
anencephalous foetus in utero, or of a decapitated animal, on the other. The 
paralysis consists in the loss of voluntary motion ; the movements of the anen- 
cephalous foetus result from the agency of the reflex function of the medulla 
spinalis. LegaIiLois* error was that of mistaking the phenomena of the reflex 
function for sensation and voluntary motion ; and his difficulty naturally arose 
out of this error, l^iere is no real discrepancy between the two orders of &cts 
to which Legallois refers. 

The same facts enable us to understand how a perfect action of the sphincters 
is compatible with paralysis of the limbs from disease of the cerebrum, and even 
of the higher parts of the medulla spinalis; whilst paralysis of the sphincters is 
usually conjoined with paralysis of the limbs, aiising from disease of the lower 
part of the spinal marrow. The first intercepts the principle of voluntary mo- 
tion; the second affiscts the very seat of the reflex function which presides over 
the action of the sphincters. 

rV. Inferences. 

I shall now briefly enumerate the inferences which flow firom tiie preceding 
facts and experiments. 

Physiologists have hitherto enumerated only three sources or principles of 
muscular action, — volition, the motive influence of respiration, and irritability. 

There is, however, a fourth source of muscular motion distinct from any of 

♦ Op. cit. p. 21. 
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these^ though not hitherto distingiiished, to which I have ventured to give the 
designation of the reflex. 

Volition and the motive influence of respiration are direct in their course^ 
and spontaneous in their action ; the former proceeding from the cerebrum^ 
the latter from the medulla oblongata*^. 

The movements of irritability are the result of the immediate application of 
a stimulus to the nervo-muscular fibre itself. 

The reflex function is difierent from any of these : 

It remains attached to the medulla spinalis^ when the cerebrum and the me- 
dulla oblongata are removed: it is not direct like volition^ or the motive power 
of respiration. 

Its seat is the medulla generally: it ceases when the medulla is removed^ 
leaving the irritability entire: it is nof excited immediately^ like the movements 
of irritability, but mediately^ in a reflex course^ through the medulla^ from the 
part stimulated to the part moved. 

In a state of healthy the reflex function presides over the orifices and ter- 
minations of the internal canals^ such as the glottis and the sphincters^ pre- 
serving the former open, the latter closed ; and it maintains the due tone of 
each muscle, and the due equilibrium of each system of muscles. 

When excited, it gives origin to the movements observed in deglutition, or 
vomiting, sneezing, tenesmus, &c. The fingers passed into the pharynx of a 
dog, through an incision made between the thyroid cartilage and the os 

* M. Flourbns seems clearly to have determined that sensation and volition are seated in the cere- 
brum. Lbgallois (CEuvres, p. l7,)Bnd he have ascertained that one office of tiie cerebellum is to regu- 
late the voluntary motions. Lbgallois and Sir Ghablbs Bbll have shown that the medulla oblongata* 
is the source of the respiratory motions. It is now, for the first time, I believe, shown that a peculiar 
function of the medulla, superadded to its functions as a mere nervous chord, is that of imparting a 
state of equilibrium to the muscular system, independently of the influence of the oigans which origi- 
nate and regulate the voluntary and respiratory motions. These several functions are separated, and, 
in a certain degree, isolated, by removing the cerebrum, the cerebellum, and the medulla oblongata in 
succession ; the last stage of the experiment leaves the reflex function alone, — a function which sup- 
plies the deficiency left by the investigations of Lbgallois, M. Floubbns, and Sir Ghablbs Bbll, and 
constitutes the complement of the functions of the nervous system. 



* This discovery of Lbgallois is amongst the most brilliant in physiology, and obviously presents 
the nucleus of that, still more splendid, of the system of the respiratory nerves by Sir Ghablbs Bbll. 
CEuvres, pp. 63, &c. The Nervous System, pp. 222, cxxv. &c. 
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hyoides^ excites the act of deglutition*; passed over the root of the tongue or 
the fa,uces^ it excites the associated actions of the muscles of the larynx and of 
expiration-f*, which constitute the act of vomiting. 

When morbidly augmented, it constitutes certain forms of disease^ as tetanus, 
hydrophobia, certain forms of tremor, paralysis agitans, chorea, stammering, 
&c.; when diminished, it induces those forms of tremor observed when the vital 
powers are enfeebled. 

When otherwise morbid, it occasions other forms of disease, as the convul- 
sion, the croup-like respiration, the affection of the sphincters, observed in 
dentition, the various effects of intestinal irritation, &c. 

The effects of the excited reflex function are sometimes observed in a part 
near that irritated, as in the eyelids in winking, in the glottis on inhaling a 
drop of water or particle of food, in the sphincter ani in dysentery, &c. ; some- 
times in parts remote, as in the irritation of teething when this induces strabis- 
mus, convulsion, the croup-like respiration, relaxed sphincters, &c. 

However some of the facts detailed in this paper may have been previously 
known, — and many were so known:}:, — they have never been accurately distin- 
guished from sensation and volition, and associated with a peculiar reflex func- 
tion of the medulla oblongata and medulla spinalis, influencing other organs 
besides the limbs, and constituting the principle of tone and of a particular 
series of actions. It has long been known, for example, that the limbs of a de- 
capitated animal moved on being stimulated; but the phenomenon was con- 
founded with sensation and voluntary motion. It has long been known that 
carbonic acid could not be inhaled through the larynx ; but it has not been 
shown that this phenomenon depends upon the presiding agency of the me- 
dulla oblongata; nor has it been distinctly demonstrated that the functions <^ 
the sphincter ani, by which the intestinal excretions are retained for a time, is 
constantly dependent upon a similar agency of the lower part of the medulla 
spinalis. In like manner, the facts relative to the irritability were altogether 
known before Glisson and Hallbr finally separated this principle of motion 

* De rUsage de TEpiglotte, p. 3. 

t See a Memoir by the author on the Mechanism of the Act of Vomiting, in the Journal of the 
Rofal Institution, 1S2S, Part I., (April to June,) p. 3S8. 
I Compare Whttt, Lboallois, Mato,. &c. 
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from sensation and volition, with which, like the reflex function, it ]had pre* 
viously been confounded. 

An interesting parallel might, indeed, be instituted between the principle of 
the reflex function and that of the irritability, in regard to their history and 
degree of importance : their history is the same ; for both had been con- 
founded with sensation and voluntaiy motion*: their importance is precisely 
the same ; for each presides over its own distinct order of functions. 

Legallois plainly mistook the reflex function of the medulla for the principle 
of sensation and voluntary motion; and no physiologist has distinguished its 
agency, in the function of the larynx and of the sphincters, from the influence 
of the brain, or from irritability. The view of M. Cruveilhier, that the me- 
dulla spinalis is a mere nervous chord, is at variance with all the facts and 
experiments detailed in the coui-se of this paper. 

It is obviously from the mistake which has been pointed out, that Legallois 
experienced the difficulty expressed in the following words : ^' Comment se 
fait-il qu'o^pr^ la decapitation, les iSeuls mouvemens inspiratoii'es soient an^ntis 
et que les autres subsistent ? Cest 1^, k mon sens, un des grands myst^res des 
puissances nerveuses, mystfere qui sera devoile tCt ou tard, et dont la d^couverte 
jettera la plus vive lumi^re sur le m^chanisme des fonctions de cette merveil- 
leuse puissance^." It was impossible to explain this difficulty whilst the move- 
ments of the excited reflex function were confounded with those of voluntary 
motion ; but when this distinction is duly made^ nothing is more easy. De- 
capitation removes, in fact, the sources both of voluntary and of respiratory 
motion ; botli these kinds of motion consequently cease : but a class of motions 
still remains, viz. those Of the reflex function, attached to the remaining por- 
tion of medulla. Thus is the veil raised from this apparent ^ mystery'. 

As Legallois has confounded the reflex function with the sensibility and 
voluntary motions, M. Brachet;}; has confounded it with the functions of the 
ganglionic system, or the sympathetic. The latter physiologist concludes, that 
whatever function remains after the division of the spinal marrow, in the organs 
below that division, must be referrible to the influence of the ganglionic system. 
In this manner he attempts to prove that some parts of the act and function 

* Compare Whytt and Legallois. f CEuvres, pp. 63, 64. 

J Du Syst^me Nerveux Ganglionaire, p. 246> &c. 
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of generation, in both sexes, besides the secretions, depend upon this influence ; 
whereas it is certain that they depend upon the lower portion of the medulla 
spinalis and belong to the reflex function. It is obvious, that, whilst the secre- 
tions may depend on the ganglionic system, the act of excretion, and especially 
the action of the ejaculatory muscles, is an excited act of the reflex function, 
which has been fully proved to subsist in every portion of the divided medulla 
spinalis. This view of the subject is greatly confirmed by a comparison of the 
act alluded to, with that of deglutition (p. 640, note), and others demonstrably 
belonging to the reflex function. We know that some reptiles remain in coitu 
after the head is removed. This is then an act of the reflex function alone. It 
may take place without sensation, as in cases of disease of the medulla spinalis. 
I may state, in conclusion, that all the functions of the muscular system which 
remain after the sources of the motive influence of the voluntaiy and respira- 
tory motions are removed, with the exception of those of the heart, and other 
muscles which contract upon the principle of excited irritability, depend upon 
the reflex function. 

The principles of the movements in the animal economy, viewed in an ana- 
tomical and functional point of Ught, may now be enumerated thus : 
' 1 . The cerebrum, or the source of the voluntary motions. 

2. The medulla oblongata, or the source of the respiratory motions. 

3. The medulla spinalis generally, the middle arc of the reflex function. 

4. The nervo-muscular fibre, or the seat of the irritability. 

6. The sympathetic, or the source of nutrition, of the secretions, &c. 

It is not pretended that this arrangement is either strictly accurate or com- 
plete. These principles of action are, besides, frequently and variously com- 
bined, and much ulterior investigation is required to ascertain the share and 
fix the limit of each in various compound operations of the animal economy. 

The reflex function of the different portions of the medulla presides over their 
corresponding organs : the medulla oblongata presides over the larynx and the 
pharynx ; the lumbar and sacral portion of the medulla spinalis presides over 
the sphincter ani, the cervix vesicae ; and the intervening portions of the me- 
dulla give tone and equilibrium to the corresponding portions of the muscular 
system, and what Leoallois has so vaguely designated "/j/i?," to the corre- 
sponding regions of the body. But the operation of the reflex function is by 
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no means confined to parts corresponding to distinct portions of the medulla. 
The irritation of a given part may^ on the contrary, induce contraction in a part 
very remote : the irritation of teething may induce spasmodic action or relax- 
ation of the sphincters : the irritation of the nostrils, in the case of a young 
hedgehog, when so languid that voluntary motion and respiration had ceased, 
induced as energetic contraction of the most distant part of the panniculus 
camosus and of the muscles of the posterior extremities, as irritation of the 
posterior extremities or tail themselves. 

It would seem, from what I have observed in the young of the hedgehog and 
of other animals, when languid, torpid, or dying, that the voluntary motions 
cease first, then the respiratory motions, next those of the excited reflex func- 
tion, and, lastly, those of the irritability ; the last act of the irritability being 
that which induces the cadaveric rigidity. After all evidence of irritability has 
ceased, it is probable that the functions of the sympathetic may still continue. 

Such is the order, then, in which this series of functions disappear in death ; 
an order which is invei'ted when the same functions and their appropriate 
organs gradually came into existence, in the foetal and natal states, and in the 
progressive series of the animal kingdom. The movements of the foetus in 
utero, are entirely phenomena of the reflex function : they occur in the anen- 
cephalous as well as in the perfect foetus*. This function and the irritability 
constitute, indeed, the principles of life and motion in the foetal state. 

The functions, in sleep, seem to be diminished, and that in the same order. 
This is particularly seen in the deep lethargy of the hedgehog. The animal 
becomes quiescent ; then it nearly ceases to respire ; then the action of the pan- 
niculus camosus yields to partial relaxation ; lastly, the heart beats with a reptile 
slowness. In ordinary sleep, the muscles which retain the eye open lose their 
powers, and the eyelids close by an act of the reflex function, just as they are 
kept closed in the anencephalous infant. The eye is only partially closed, 
even during sleep, in cases of extreme languor and exhaustion, with diminished 
energy of the reflex function. Volition is first impaired, and the eyelids close ; 
the reflex function next fails, and the eyelids close partially only. 

It appears probable that the facts of this paper may lead to some important 
additions to our knowledge of anatomy, by inducing an accurate inquiry into 

* See M. Lallbhand's Observations Pathologiques, p. .68. 
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the origin, course, connexion, and distribution of the subcutaneous, or sub- 
mucous, and muscular nerves, which constitute the arcs of the reflex function. 
There can be no doubt that a system of nerves takes its origin from the 
lower portion of the spinal marrow, to supply the sphincters and the organs of 
generation, which may be compared to those which concentre in the medulla 
oblongata. The medulla is also, in its whole course, the source of neiTCs which 
supply the limbs, the tail, and the panniculus carnosus, in those animals which 
possess these structures respectively. 

It was observed in one frog that the strychnine applied to a single posterior 
extremity induced general tetanus. General tetanus, in the human subject, is 
the effect of the local wound of a nerve. These facts demonstrate the strict 
connexion and unity of the different parts of the nervous system. 

The anatomy of the reflex function must be particularly studied in the me- 
dulla oblongata ; in the portions of the spinal marrow which give origin to 
the nerves of the anterior and posterior extremities ; in that of the intermediate 
space which supplies the trunk ; in that which is the source of the nerves of 
the sphincters, the ejaculators, &c., and in that which supplies the tail ; and, 
lastly, in reference to the severar columns of which the spinal marrow is com- 
posed. I think the investigation of the anatomy will, for various reasons, be 
best pursued in the hedgehog. 

It is gratifying to me to state that no part of these experiments has inflicted 
pain, beyond that of prompt decapitation, or division of the spinal marrow. 
This is trae, at least, if the conclusion be correct, that when the head is re- 
moved from the body, sensation and volition cease, whilst the reflex function 
and the irritability alone continue; and it may be satisfactory to the humane 
to know that the motions of the eel, for example, after the head is removed, 
are not motions arising from sensibility, but from another principle, as distinct 
from feeling as the irritability of the mere nervo-muscular fibre. This fact will 
suggest the propriety, as well as the means of avoiding such monstrous cruelty 
as that of skinning eels alive. This will be effectually done by fii-st removing 
the head, however the animal may afterwards move on the application of sti« 
muli, and appear to feel. 
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V. Recapitulation. 

To avoid niisappi*ebension^ I think it right, in conclusion, veiy briefly to re- 
capitulate the claims of this paper : 

1. Many of the facts which depend upon the reflex function have long been 
known to physiologists : 

2. But these facts only extend to the excited action of the reflex function, 
seen in the limbs, and even they have been erroneously ascribed to sensation 
and volition, or instinct : 

3. The facts of excited movements of the larynx, pharynx, sphincters, and 
ejaculators, and of the panniculus carnosus, have not been shown to be allied 
to these, and to be dependent on the same individual function of the nervous 
system : 

4. It has not been shown that this function, in its natural state, constitutes 
the principle of equilibrium and tone, in the whole muscular system, and the 
principle which presides over the orifices and sphincters of the internal canals: 

5. And certainly not, that this principle, morbidly affected, constitutes, in 
its diffei-ent forms, the diseases arising from dentition, and the diseases termed 
tetanus, hydrophobia, chorea, paralysis agitans, certain forms of epilepsy, 
of tremor, of asthma, &c. &c. : 

6. Nor that the same individual function is augmented or diminished to a 
fatal degree, by certain poisons. 

7. This series of facts has not been duly associated and shown to belong to 
one particular order : 

8. llie principle of action in this order of facts has not been demonstrated 
to be at once excited, and reflex, in its operations, to be essentially connected 
with corresponding portions of the medulla oblongata and medulla spinalis, 
and to be independent of the brain : 

9. Nor has it been clearly distinguished firom the other sources and princi- 
ples of muscular motion existing in the animal economy, viz. volition, the 
motive influence of respiration, and irritability, or shown to constitute, with the 
irritability, the principle of life in the foetal state : 

10. The reflex function appears, in a word, to be the complement of the 
fnnctions of the nervous system hitherto known. 
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I trust it will be founds from this brief recapitulation^ that the foregoing 
paper may have done some little service to physiological science. I consider 
the subject as but sketched^ — the investigation as but just begun. One pait 
of this inquiiy is altogether untouched^ — ^the influence of the mind and emo- 
tions, and the corresponding parts of the nervous system, upon the organs 
which are the subjects of the reflex function. The muscles of voluntary and 
respiratory motion are alike under the influence of the reflex function ; and 
the muscles over which this function more peculiarly presides are impressible 
through volition and respiration : other muscles, which are especially attached 
to the i-eflex function of the lower portion of the medulla spinalis (p. 661), are 
apparently under the influence of the cerebellum*. Mental emotions modify 
the reflex function : they induce sickness, relax the sphincters : they also ag- 
gravate the diseases of this function, inducing the attacks of epilepsy, of the 
croup-like convulsion, &c. 

* See Serbes, Anatomie Compar^e du Cerveau, tome ii. p. 601, &c. 
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XXVII. On the present Situation of the Magnetic Lines of equal variation^ and 
their Changes on the Terrestrial Surface. By Peter Barlow^ Esq.^ t.R.S., 
Cor. Memb. Inst. France, and of the Imp. and Royal Academies of Peters- 
burgh, Brussels, 8fc. 

Received May 6,— Read May 9, 1833. 

XH£ great progress which has been made within a few years in establishing 
the laws of magnetic action^ as subsisting between magnets on each other, 
and of these <m itojk, leads to a rational expectation that the still unknown 
and mysterious laws of terrestrial variation may by persererance be likewise 
dicited. 

This hope has induced me to undertake the task of collating and arranging 
all the valuable information recorded in several recent and important voyages 
and journeys of discovery, surveys, &c., undertaken by the British and by some 
foreign Governments. In all these cases the officers selected to conduct them 
have been of the highest scientific diaracter : the subject of magnetism hiis 
been, during the time of their performance, the favourite pursuit of many highly 
talented philosophers in all parts of Europe. Instruments of the most perfect 
description have been employed^ and more than ordinary care bestowed upon 
the magnetic observations. 

Many of these have been made in regions, of all others, the most intaresting 
in such an inquiry, namely, in the vicinity of a principal fociis of. niagnetic 
energy; others are equally impoi*tant from their extensive range. In the 
voyage under the command of Captain Bhechby, more than 75,000 miles of the 
earth*s surface were traversed, and, throughout, the errors from loealattraction 
iwere carefully excluded. The surveys of the coast of Africa, America, and New 
Holland, by Csq>tains Owbn and King, and many others which migbt beeau^ 
merated, performed by officers in the British navy, and the circumnavigation of 
^lie. southern pole by Captain Biscoe^ have alone fiimished an immeni^ stock 
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of valuable infocmation; but to these we have to add the voyages by Captain 
LvTKE in the Russian service, of Captain Duperrby in the French service, and 
the valuable references I have been enabled to obtain through the kindness of 
Captains Beaufort and Horsburgh, recorded in their respective offices* These 
together formed such a mass of well-authenticated observations, as seemed to 
render it very desirable to collect and arrange them, so as at least to furnish a 
sure foundation for future comparison, if not for immediate investigation. 

With regard to the mode of arrangement, the charts of Hallev, Yates, 
Hansteen, &c., naturally led me to the idea of one of the same foim, as given 
in the accompanying engravings (Plates XVII. and XVIII.) ; but feeling dis- 
satisfied with the great distortion of the lines in the higher latitudes, and the 
necessary want of continuity on the two sides of the chart, I determined to 
begin de novo, and to lay the lines all down on a 15-inch globe, where they of 
course are exhibited in their natural situation, and in regular continuity, the 
latter condition being only attainable in the latter form ; and I extremely regret 
that I am not able to publish the work in this form, being so much better cal* 
culated to elucidate the subject, than any chart that can be constructed. As I 
was desirous of keeping myself entirely free from any theoretical notions, my 
object being principally to fix the foundation for future views and comparisons, 
I have laid down such lines only as are drawn from actual observations, so 
that where these fiuled I have left the parts blank ; this is chiefly observable 
about the south pole and over lands, except in Europe, where well observed 
variations have enabled me to continue them over both land and water. Hav* 
ing thus devoted the oceans to the variation lines, I had intended to have 
laid down the lines of equal dips upon the land : but after some consideration I 
have omitted these ; they might, however, be introduced without confusing the 
lines of variation* On the globe I have coloured those oceans in which the 
variation is east, with a light green ; and where it is west, with a light blue: 
in the same way, if the dip lines were introduced, those parts of the land and 
continents in which the dip is north, and where it is south, might be distin- 
guished by a similar contrast of colour, — a plan which relieves the eye, and 
assists the mind in tracing the various configurations of the several lines. 

On attentively examining these lines, either in the form of a chart, or on the 
globe, but particularly on the latter, it must, I think, be acknowledged, notr 
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withstanding their extraordinary curvatures^ that they exhibit a character which 
indicates their being dependent on some law, however intricate and mysterious! 
If the variations were, as has been sometimes supposed, greatly influenced by 
parts immediately in their vicinity, we could not expect to find that regularity 
which is observable in so many, if not in all parts : throughout the Atlantic 
Ocean, for example, there is a continuity and softness of curvature, and unity 
of character quite inconsistent with such a supposition ; still the lines there 
recorded are the legitimate deductions of a comparison of many hundred ob-» 
servations with each other. 

Again, in the Indian Ocean we have a most extraordinary inflection of the 
curve of no variation, whereby we find, in traversing the earth's equator, that 
two thirds of it, or 240°, have easterly variation, while only 120° have westerly 
variation ; and here again, in consequence of this extreme anomaly, I have taken 
particular pains, and have examined an immense number of observations, as 
recorded both by officers in the British navy, and in the East India Com- 
pany's ships, with the greatest care, and there is no question whatever that 
the lines as laid down on the globe are an exact representation of those on 
the earth ; but we see no such sudden interruptions of curvature as must 
occur if local causes were very influential. I may also remark, that the obser- 
vations in these seas are by for more accordant and positive in their character 
thaii I generally found them in other parts, — a circumstance probably attri- 
butable to the very small dip in these seas, and the consequent high intensity of 
the horizontal needle, which rendered it by position less liable to disturbance 
from local attractions, and more determinate in its direction. 

Another iparked peculiarity in this ocean is, that for forty degrees the line 
of no variation runs nearly parallel to the equator, and then for another forty 
degrees down a meridian ; and as in cases of no variation the magnetic piole, 
as we commonly understand the term, must be on the meridian of the place, 
it follows that the pole must also range through forty degrees, or be coincident 
with the pole of the world ; either of which conditions is equally inconsistent 
with the notion that all these phenomena are due to the action of four or more 
magnetic poles. 

Again, referring to the remarkable curves in the great Pacific Ocean, there 
is, notwithstanding their peculiar character, ho appearance of uncertain and 
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anotnalQtis attractions: the whole seems to form a system by Itself. The litiesi^ 
instead of extending* towards the poles^ as in most other parts, return upon 
themselves in similar, though not in regular figures: and here again I can see 
no possible position c^ four poles which can lead to such configuration. 

These lines differ very considerably from those of fwmer charts ; but they 
are drawn from a careful examination of observations, not so numerous, cer^ 
tainly, as in some other parts, but still in all probability much exceeding those 
on which former charts in this ocean have been constructed. 

Many other peculiarities will occur to any person carefully examining the 
several curvatures, particularly that remarkable one found in crossing the 
Continent of Asia; but as I have not had an opportunity of consulting the ori* 
ginal authorities on which these lines are founded, I tball not offer any remark 
upon them, except to state that they rest on the authority of a most able and 
indefatigable observer. Professor Hanstbbn, only that a slight change was ren-^ 
dered necessary by the recent observations of Captain Lutke on the coasts of - 
Nova Zembla and the North of Europe. 

The foregoing remarks have reference to the prescoit state of the magnetic 
lines ; but their progressive change, of situation and configuration is another 
important feature in terrestrial magnetism. The first notice I can find of the 
variation itself occara in the year 1269, in a letter from Petri Perbgrini to a 
friend, where the author states that after several careful experiments he found 
it amounted to 5^. east in Italy ; but the method of observation at that time 
was very unsatisfactory : it consisted only in touching an iron needle with the 
loadstone, and observing its bearing before its power was lost. In 1580 the 
variation was certainly 11^^ east in London: about 1658 it was zero, the 
needle pointing then due north. la 1700 it was about 8 degrees west, at which i 

time it was zero on the coast of America in the vicinity of New York, and it | 

has remained at the latter place nearly the same ever since. 

It follows, therefore, that about the year 1660, the line of no variation must 
have crossed the Atlantic nearly at right angles to the meridians, as it does 
now in the Indian Ocean. 

From that time it has been gradually descending towarda the south and 
west, and at present crosses some way inland on the eastefti point of South 
America. 
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' We have not such early authority for that line of no variation which passes: 
through Australia, but^since thht country has been pretty well known, at least 
for 60 years, very little if any change has taken place> and it seems probable' 
the variation about this spot is as fixed as in that on the coast of America. . 

I refer to these two cases because th^ differ very considetttbly from all 
others in which a line of no variation has been known to cross ; the motion 
for some years before. and after the actual passage of that likie being generally 
very rapid, whereas in these it is stationary or nearly so; Thus in London, the 
variation was 1 1"^ 15' east in IfiSO; in 1658 the line of no variation psissed our 
meridian, and in 1698 it was about 8^ west, giving a change of 20^ in a little 
more than 100 years ; and the same is observed in all other places where the 
passage of the line is well determined, while in the two places referred to, it has 
experienced no change, or very little, in the one, for more than 130 years, and 
in the other probably for as long a time, but certainly for more than 60 years. 

In the West Indies, the Bermudas, and a few other places, where the varia- 
tion is small, the change has also been very inconsiderable ; but I believe no 
ease occurs where the variation is large and stationary,'^— a peculiarity which 
ought to be weD considered in attempting a theory of these motions. An<^es* 
circumstance equally remarkable is, that in all cases in which suffidiet)t registers 
of variation have been made, and where the motion or change has been consi-* 
derable, we may always reduce that motion to a circular rotation of a certain 
assumed magnetic pole about the pole of the earth: that is, we may, by 
assuming for each place its own . pole, revolving aH; a given unifoiln rate, com- 
pute the variation of the needle at any period so as to agree very nearly with 
observation. 

Churchman, in his Atlas, I think, was the first to make this assumption, and 
to compute the consequent variations in London for every ten years from 1622 
to 1800 ; which he afterwards compared with actual observed variations, and^ 
in every case the error between the two is very inconsiderable. 

In the second edition of my Essay on Magnetic Attractions, I have made a 
similar comparison, not by assuming the place of the pole, but by computing 
it from the dip and variation ; anid the errors or differences in this case, though 
certainly not so small, are still by no means considerable. 

In the Article ^' Magnetism " in the Encyclopaedia Metropolitana, I have 
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made similar computations for Paris and Copenhagen^ the only two places be- 
sides London where observations are recorded for any length of time, and in 
both these the agreements between the computed and observed variations are 
still more approximate than in London. 

Now it must be considered very extraordinary that such remarkable agree- 
ments as these should obtain in three places, between the computed and ob- 
served variations, through more than thirty degrees of change, or for a period 
of 170 years, if the hypothesis of a polar revolution were not founded in foot. 
Assuming then, that, from whatever cause it may proceed, such a revolution 
does' take place, how are we to account for those stationary, or nearly station- 
ary, points of no variation to which reference has been made ? 

The only reply to this question appears to be, that there is no determinate 
pole to which all needles point, but that every place has its own particular 
pole and polar revolution, governed probably by some one general but at pre- 
sent unknown cause. Should this be the case, and the magnetic pole of any 
place be nearly coincident with the terrestrial pole, the line of no variation, 
notwithstanding the rotation, must remain nearly stationary ; but such sta- 
tionary position is impossible where the variation is considerable, although the 
change ought to be very slow on this hypothesis while it is passing through its 
maximum. 

I have offered these few remarks without any intention of their being consi- 
dered as illustrations of a particular theory. My only object has been in this 
undertaking to give an exact representation, as for as it was possible, of the 
present state of terrestrial magnetism, and in this I have every reason to hope 
I have succeeded. 

In the performance of this task, which has required several months of close 
application, I have been greatly assisted by my son, who has executed with 
great accuracy the whole of the graphical part, and aided in the comparison 
of many thousand observations ; and I shall be most happy if our joint laboar 
should furnish the requisite data for either a present or future development of 
those mysterious laws which govern the magnetism of the terrestrial globe, — 
an object as interesting in philosophy as it is important in navigation. 

fVoolwichy 
May Isty 1833. 
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Navemher \Sthy 1833. 

P.S. Since this paper was read^ and the globe and chart referred to in this 
article were drawn^ Captain Ross has returned from his long and adventurous 
voyage. It will be seen by a reference to the polar charts that, although I was 
enabled to lay down the curves of equal variation to within a few degrees of 
their point of concurrence^ yet they are all terminated before arriving at it, for 
want of sufficient data. These are now supplied ; and it is very gratifying to 
me, as I hope it may be also to Captain Ross and to Commander Jambs Ross, 
to find that the very spot in which they have found the needle perpendicular, 
— ^that is, the pole itself, — ^is precisely that point on my globe and chart in 
which, by supposing all the lines to meet, the several curves would best pre- 
serve their unity of character, both separately, and conjointly as a system. By 
some delay in engraving the chart, I am able to add to it the exact place of 
the pole, as obtained from the numerous and admirably arranged observations 
of Commander Ross, which I have had the pleasure and satisfaction of ex- 
amining, and which I hope, in the ensuing session, will be laid before the 
Royal Society. 
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XXVIII. Experimental Researches in Electricity. — Fifth Series. By Michael 
Faraday^ D.CL.y F.R.S. Sgc.y Fullerian Prof. Chem. Royal Institution, 
Corr. Memh. Royal and Imp. Acad, of Sciences, Paris, Petersburgh, Fhrence, 
Copenhagen, Berlin, S^c. S^c. 

Received June 18, — ^Read June 20, 1833. 

^ 11. On Electro-chemical Decomposition. ^ i. New conditions of Electro- 
chemical Decomposition. ^ ii. Influence of Water in Electro- 
chemical Decomposition. ^ iii. Theory of Electro-chemical De- 
composition. 

^ 11. On Electrochemical Decomposition. 

450. I HAVE in a recent series of these Researches (265.) proved (to my own 
satisfaction^ at least,) the identity of electricities derived from different sources^ 
and have especially dwelt upon the proofs of the sameness of those obtained by 
the use of the common electrical machine and of the voltaic battery. 

451. The great distinction of the electricities obtained from these two 
sources is the very high tension to which the small quantity obtained by aid 
of the machine may be raised, and the enormous quantity (371. 376.) in which 
that of comparatively low tension, supplied by the voltaic battery, may be pro* 
cured ; but as their actions, whether magnetical, chemical, or of any other na^ 
ture, are essentially the same (360.), it appeared evident that we might reason 
from the former as to the manner of action of the latter ; and it was to me 
a probable consequence, that the use of electricity of such intensity as that 
afforded by the machine, would, when applied to effect and elucidate electro- 
chemical decomposition, show some new conditions of that action, evolve new 
views of the internal arrangements and changes of the substances under decom- 
position, and perhaps give efficient powers over matter as yet undecomposed. 

452. For the purpose of rendering the bearings of the different parts of this 
series of researches more distinct, I shall divide it into several heads. 

MDCCCXXXIII. 4 8 
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^ i. New conditions of Electro-Chemical Decomposition. 

453. The tension of machine electricity causes it, however small in quantity, 
to pass through any length of water, solutions, or other substances classing with 
these as conductors, as fast as it can be produced, and therefore, in relation to 
quantity, as fiust as it could have passed through much shorter portions of the 
same conducting substance. With the voltaic battery the case is very different, 
and the passing current of electricity supplied by it suffers serious diminution 
in any substance, by considerable extension of its length, but especially in such 
bodies as those mentioned above. 

454. I endeavoured to apply this facility of transmitting the current of elec- 
tricity through any length of a conductor, to an investigation of the transfer of 
the elements in a decomposing body, in contrary directions, towards the poles. 
The general form of apparatus used in these experiments has been already 
described (312. 316.) ; and also a particular experiment (319.), in which, when 
a piece of litmus paper and a piece of turmeric paper were combined and moist- 
ened in solution of sulphate of soda, the point of the wire from the machine (re- 
presenting! the positive pole) put upon the litmus paper, and the receiving point 
from the discharging train (293. 316.), representing the negative pole, upon 
the turmeric paper, a very few turns of the machine sufficed to show the evo- 
lution of aeid at the former, and alkali at the latter, exactly in the manner 
effected by a volta^electric. current. 

456.iThe pieces of litiiius<and turmeric paper were now placed each upon a 
separate plate of glass,, and connected by an insulated string four feet long, 
moistened in the same solution of sulphate, of soda: the terminal decomposing 
wire poinjts were^ placed upon the papers as bcifojre., On working the machine, the 
samojevolution of acid and alkali appeared as io the former instance, and with 
equal readiness, notwithstanding that the places of their appearance were four 
feet i^mrt from each other. . Finally, a piece of string, seventy fe^ long, was 
used. . It was insulated in the. air by suspenders of silk, so that the electricity 
passed through its entire length: decomposition took place exactly as in former 
cases, alkali and acid appearing at the two extremities in their proper places. 

466. £iKperiments were then made both with sulphate of soda and iodide 
of potassium, to ascertun if any. diminution of decomposing effect was pro-* 
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duced by such great extension of the moist conductor or body under decom* 
position; but whether the" contaM of the deoomposing point connected with 
the discharging train was tSkBjie with tunneric paper touching the prime con^ 
ductor/or with other turmeHc paper connected with it through the seventy 
feet of Eftring/ the spot of alkali for an equal number of turns of the machine 
had equal intensity of colour. The same results occurred at the other de- 
composing wire^ whether the salt or the iodide were used ; and it was fully 
proved that thiis great extension of the distance between the poles produced no 
effect whatever on the amount of decompositicm^ provided the same qttantity 
of electricity were passed ifn both cases (8770- 

457* The negative point of the discharging train^ the turmeric paper^ and the 
string were then removed ; the positive point was left resting upon the litmus 
paper^ and the latter touched by a piece of moistened string held in the hand. 
A few tuiiis of the machine evolved acid at the positive point as ireely as before. 

458. The end of the moistened strings instead of being held in the hand, was 
suspended by glass in the air. On working the machine the electricity pro- 
ceeded from the conductor through the wire point to the litmus paper, and 
thence away by the intervention of the string to the air, so that there was (as 
in the last experiment,) but one metallic pole; still acid was evolved there as 
freely as in any former case. 

459. When any of these experiments were repeated with electricity from the 
negative conductor, corresponding effects were produced whether one or two 
decomposing wires were used. The results were always constant, being consi- 
dered in relation to the directum of the electric current. 

460. These experiments were varied so as to include the action of only one 
metallic pole, but that not the pole connected with the machine. Turmeric paper 
was moistened in solution of sulphate of soda, placed upon glass, and connected 
with the discharging train (292.) by a decomposing wire (312.) ; a piece of wet 
string was hung from it, the lower extremity of which was brought opposite a 
point connected with the positive prime conductor of the machine. The ma- 
chine was then worked for a few turns, and alkali immediately appeared at the 
point of the discharging traiii which rested on the turmeric paper. Correspond- 
ing effects took place at the negative conductor of a machine. 

461. These cases are abundantly sufficient to show that electro*ohemical de- 

482 
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composition does not depend upon the simultaneous action of two metallic poles> 
since a single pole might be used, decomposition ensue, and one or other of the 
elements liberated, pass to the pole, according as it was positive or negative. 
In considering the course taken by, and the final arrangement of, the other 
element, I had little doubt that I should find it had receded towards the other 
extremity, and that the air itself had acted as a pole, an expectation which was 
fully confirmed in the following manner. 

462. A piece of turmeric paper, not more than 0*4 of an inch in length and 
0*05 of an inch in width, was moistened with sulphate of soda and placed upon 
the edge of a glass plate opposite to, and about two inches from, a point con* 
nected with the discharging train (Plate XIX. fig. 1.); a piece of tinfoil, resting 
upon the same glass plate, was connected with the machine, and also with the 
turmeric paper, by a decomposing wire a (312). The machine was then worked, 
the positive electricity passing into the turmeric paper at the point p, and out at 
the extremity n. After forty or fifty turns of the machine, the extremity n was 
examined, and the two points or angles found deeply coloured by the presence 
offree alkali (fig. 2.). 

463. A similar piece of litmus paper, dipped in solution of sulphate of soda 
91, fig. 3, was now supported upon the end of the discharging train a, and its 
extremity brought opposite a point ;», connected with the conductor of the ma- 
chine. After working the machine for a short time, acid was developed at both 
the comers towards the point, i. e. at both the comers receiving the electricities 
from the air. Every pi-ecaution was taken to prevent this acid from being 
formed by sparks or brushes passing through the air (322.) ; and these, with 
the accompanying general facts, are sufficient to show that the acid was really 
the result of electro-chemical decomposition (466.). 

464. Then a long piece of turmeric paper, large at one end and pointed at the 
other, was moistened in the saline solution, and immediately connected with 
the conductor of the machine, so that its pointed extremity was opposite a 
point upon the discharging train. When the machine was worked, alkali was 
evolved at that point; and even when the discharging train was removed, and 
the electricity left to be diffused and carried off altogether by the air, still al* 
kali was evolved, where the electricity left the turmeric paper. 

465. Arrangements were then made in which no metallic communication 
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with the decomposmg matter was allowed^ but both poles (if they might uow be 
called by that name,) formed of air only. A piece of turmeric paper a, fig. 4, 
and a piece of litmus paper 6, were dipped in solution of sulphate of soda, put 
together so as to form one moist pointed conductor^ and supported on wax bcr 
tween two needle points^ one p connected by a wire with the conductor of the 
machine^ and the other^ n, with the discharging train. The interval in each 
case between the points was about half an inch : the positive point p was oppo- 
site the litmus paper ; the negative point n opposite the turmeric. The ma- 
chine was then worked for a time, upon which evidence of decomposition 
quickly appeared, for the point of the litmus b became reddened from acid 
evolved there, and the point of the turmeric a red from a similar and simul- 
taneous evolution of alkali. 

466. Upon turning the paper conductor round, so that the litmus point 
should now give off the positive electricity, and the turmeric point receive it, 
and working the machine for a short time, both the red spots disappeared, and 
as on continuing the action of the machine no red spot was re-formed at the 
litmus extremity, it proved that in the first instance (463.) the effect was not 
due to the action of brushes or mere electric discharges causing the formation 
of nitric acid from the air (322.). 

467* If the combined litmus and turmeric paper in this experiment be con- 
sidered as constituting a conductor independent of the machine or the dis- 
charging train, and the final places of the elements evolved be considered in re- 
lation to this conductor, then it will be found that the acid collects at the nega- 
tive or receiving end or pole of the arrangement, and the alkali at the positive 
or delivering extremity. 

468. Similar litmus and turmeric paper points were now placed upon glass 
plates, and connected by a string six feet long, both string and paper being 
moistened in solution of sulphate of soda ; a needle point connected with the 
machine was brought opposite the litmus paper point, and another needle 
point connected with the discharging train brought opposite the turmeric 
paper. On working the machine, acid appeared on the litmus, and alkali on 
the turmeric paper ; but the latter was not so abundant as in former cases, for 
much of the electricity passed off from the string into the air, and diminished 
the quantity discharged at the turmeric point. 
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469. Fln^Iy^ a series of four small compound conductors^ connsting of fit^ 
mus and turmeric paper (fig. 6.) moistened in sc^ution of sulphate of soda, 
were supported on glass rods, in a line at a little distance from each other, 
between the points p and n of the machine and discharging train, so that the 
electricity might pass in succession through them, entering in at the litmus 
points i, ft, and passing out at the turmeric points a, a. On working the 
machine carefully, so as to avoid sparks and brushes (322.), I soon obtained 
evidence of decomposition in each of the moist conductors, for all the litmus 
points exhibited free acid, and the turmeric points equally showed free alkali. 

470. On using solutions of iodide of potassium, acetate of lead, &c., sdmilar 
effects were obtained ; but as they were all consistent with the results above 
described, I refrain from describing the appearances minutely. 

471* These cases of electro-chemical decomposition are in their nature ex- 
actly of the same kind as those effected imder ordinary circumstances by the 
voltaic battery, notwithstanding the great differences as to the presence or 
absence, or at least as to the nature of the parts usually called poles ; and also 
of the final situation of the elements eliminated at the boundary electrified sur- 
faces (4670- They indicate at once an internal action of the parts suffering 
decomposition, and appear to show that the power which is effectual in sepa- 
rating the elements is exerted there, and not at the poles. But I shall de- 
fer the consideration of this point for a short time (493. 518.), that I may 
previously consider another supposed condition of electro-chemical decompo- 
sition *. 

* I find (since making and describing these results,) from a note to Sir Humphrt Dayt's paper in 
the Philosophical Transactions, 1807, p. 31, that that philosopher, in repeating Wollaston's eiq^eri- 
ment of the decomposition of water by common electricity (327. 330.), used an airangement somewhat 
like some of those I have described. He immersed a guarded platina point connected with the machine 
in distilled water, and dissipated the electricity from the water into the air by moistened filaments of 
cotton. Inthiswayhestates that he obtained oxygen and hydrogen «(^ra/e/y from each otiier. This 
experiment, had I known of it, ought to have been quoted in an earlier series of these Researches (342.) ; 
but it does not remove any of the objections I have made to the use of Wollaston's apparatus as a 
test of true chemical action (331.). 



Digitized by 



Google 



WATER NOT ESSENTIAL IN ELBCTRO-CHBMICAL DECOMPOSITION. 681 

% iu Influence of Water in Electrochemical Decomposition. 

472. It is the opinion of several philosophers^ that the presence of water 
is essential in electro-chemical decomposition^ and also for the evolution of 
electricity by the voltaic battery itself. As the decomposing cell is merely 
one of the cells of the battery, into which particular substances are introduced 
for the purpose of experiment, it is probable that what is an essential condi- 
tion in the one case is more or less so in the other. The opinion, therefore, 
that water is necessary to decomposition, may have been founded on the state- 
ment made by Sir Humphry Davy, that '^ there are no fluids known, except 
such as contain water, which are capable of being made the medium of con- 
nexion between the metals or metal of the voltaic apparatus*:*" and again, 
^^ when any substance rendered fluid by heat, consisting of water, oxygen, and 
inflammable or metallic matter, is exposed to those wires, similar phenomena 
(of decomposition) occur-f.** 

473. This opinion has, I think, been shown by other philosophers not to be 
accurate, though I do not know where to refer for a contradiction of it. Sir 
Humphry Davy himself said in 1801;):, that dry nitre, caustic potash and 
soda are conductors of galvanism when rendered fluid by a high degree of 
heat ; but he must have considered them, or the nitre at least, as not suffering 
decomposition, for the statements above were made by him eleven years sub- 
sequently. In 1826 he also pointed out, that bodies not containing water, as 
fused litharge and chlorate of potassayWere sufficient to form, with platina and 

zinc, powerful electromotive circles § ; but he is here speaking of the produc- 
tion of electricity in the pile, and not of its effects when evolved ; nor do his 
words at all imply that any correction of his former distinct statements rela- 
tive to decomposition was required. 

474. I may refer to the last series of these Experimental Researches (380. 
402.) as setting the matter at rest, by proving that there are hundreds of bodies 
equally influential with water in this respect. That amongst binary compounds, 
oxides, chlorides, iodides, and even sulphurets (402.) were effective; and 

* Elements of Chemical Philosophy* p. 169. &c. f Ibid. pp. 144, 145. 

} Journal of the Royal Institation, 1802. p. 53. § Philosophical Transactions, 1826, p. 406. 
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that amongst more complicated compounds^ cyanides and salts, of equal effi- 
cacy, occurred in great numbers (402.). 

476. Water, therefore, is in this respect merely one of a very numerous class 
of substances, instead of being the only one and essential ; and it is of that class 
one of the worst as to its capability of facilitating conduction and suffering de- 
composition. The reasons why it obtained for a time an exclusive character 
Ti^hich it so little deserved are evident, and consist, in the general necessity of 
a fluid condition (394.) ; in its being the only one of this class of bodies ex- 
isting in the fluid state at common temperatures ; its abundant supply as the 
great natural solvent ; and its constant use in that character in philosophical 
investigations, because of its having less interfering, injurious, or complicating 
action upon the bodies, either dissolved or evolved, than any other substance. 

476. The analogy of the decomposing or experimental cell to the other cells 
of the voltaic battery, renders it nearly certain that any of those substances 
which are decomposable when fluid, as described in my last paper (402.), 
would, if they could be introduced between the metallic plates of the pile, be 
equally effectual with water, if not more so. Sir Humphry Davy found that 
litharge and chlorate of potassa were thus effectual*. I have constructed 
various voltaic arrangements, and found the above conclusion to hold good. 
When any of the following substances in a fused state were interposed between 
copper and platina, voltaic action more or less powerful was produced. Nitre ; 
chlorate of potassa ; carbonate of potassa ; sulphate of soda ; chloride of lead, 
of sodium, of bismuth, of calcium; iodide of lead; oxide of bismuth; oxide of 
lead : the electric current was in the same direction as if acids had acted upon 
the metals. When any of the same substances, or phosphate of soda, were 
made to act on platina and iron, still more powerful voltaic combinations of the 
same kind were produced. When either nitrate of silver or chloride of silver 
was the fluid substance interposed, there was voltaic action, but the electric 
current was in the reverse direction. 

^ iii. Theory of Electro-chemical Decomposition. 

477. The extreme beauty and value of electro-chemical decompositions have 
given to that power which the voltaic pile possesses of causing their occur- 

* PhiloBophicta IVansactionB, 1826, p. 406. 
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rence an interest surpassing that of any other of its properties ; for the power is 
not only intimately connected with the continuance^ if not the production^ of 
the electrical phenomena^ but has furnished us with the most beautiful demon- 
strations of the nature of many compound bodies ; has in the hands of Bbc- 
QUERBL been employed in compounding bodies ; has given us several new sub- 
stances^ and sustains us with the hope that when thoroughly understood it will 
produce many more. 

478. What may be considered as the general facts of electrochemical de- 
composition are agreed to by nearly all who have written on the subject. 
They consist in the separation of the decomposable substance acted upon into 
its proximate or sometimes ultimate principles^ whenever both poles of the 
pile are in contact with that substance in a proper condition ; in the evolution 
of these principles at distant points^ i.e. at the poles of the pile where they are 
either finally set free or enter into union with the substance of the poles ; and 
in the constant determination of the evolved elements or principles to parti- 
cular poles according to certain well ascertained laws. 

479. But the views of men of science vary much as to the nature of the 
action by which these effects are produced ; and as it is certain that we shall 
be better able to apply the power when we really understand the manner in 
which it operates^ this difference of opinion is a strong inducement to further 
inquiry. I have been led to hope that the following investigations might be 
considered^ not as an increase of that which is doubtful^ but a real addition to 
this branch of knowledge. 

480. It will be needful that I briefly state the views of electro-chemical 
decomposition already put forth^ that their present contradictory and unsatis- 
factory state may be seen before I give that which seems to me more accurately 
to agree with facts ; and I have ventured to discuss them freely^ trusting that I 
should' give no offence to their high-minded authors ; for I felt convinced that 
if I were rights they would be pleased that their views should serve as stepping- 
stones for the advance of science^ and that if I were wrong, they would excuse 
the zeal which misled me, since it was exerted for the service of that great 
cause whose prosperity and progress they have desired. 

481. Grotfhuss, in the year 1805, wrote expressly on the decomposition of 
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liquids by yoltaic electricity <^. He considers the pile as an electric magnet^ 
i. e. as an attractive agent ; the poles having attractive and repeWng powers. 
The pol$ from whence resinous electricity issues attracts hydrogen and repels 
oxygen^ whilst that from which vitreous electricity proceeds attracts oxygen 
and repels hydrogen ; so that each of the el^nents of a particle of Water^ for 
instance^ is subject to an attractive and a repulsive force, acting in contrary 
directions, the centres of action of which are reciprocally opposed. The action 
of each force in relation to a molecule of water situated in the course of the 
electric current is in the inverse ratio of the square of the distance at which 
it is exerted, thus giving (it is stated) for such a molecule a constant force^. 
He explains the appearance of the elements at a distance from each other 
by referring to a succession of decompositions and recompositions occurring 
amongst the intervening particles:};, and he thinks it probable that those 
which are about to separate at the poles unite to the two electricities there^ 
and in consequence become gases §. 

482. Sir Humphry Davy's celebrated Bakerian Lecture on some chemical 
agencies of electricity was read in November 1806, and is almost entirely occu- 
pied in the consideration of eiectro-chemical decompositions. The facts are of the 
utmost value, and, with the general points established, are universally known. 
The mode of action by which the effects take place is stated very generaUy, 
so generally, indeed, that probably a dozen precise schemes of electro-chemical 
action might be drawn up, differing essentially from each other, yet all agree- 
ing with the statement there given. 

483. When Sir Humphry Davy uses more particular expressions, he seems 
to refer the decomposing effects to the attractions of the poles. This is the case 
in the '^ general expression of &cts ** given at pp. 28 and 29 of the Pliilosophical 
Transacticms for 1807> also at p. 30. Again, at p. 160 of the Etemetits of Che- 
mical Philosophy, he speaks of the great attracting powers of the sur&ces of 
the poles. He mentions the probability of a succession of decompositions and re- 
compositions throughput the fluid,— ^agreeing in that respect with Grotthuss || ; 

* Annales de Chimie, 1806, torn. Iviii. p. 64. f Ibid. pp. 66, 67, also torn. Ixiii. p. 20. 

X Ibid. torn. Iviu. p. 68, torn. Ixiii. p. 20. § Ibid. torn. bdii. p. 84. 

II Fhflosophzcal Transactions, 1807, pp. 29, 80. 
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wxd rappoBes that the attractive and repellent ag^ides may be communicated 
from the metallic surfaces throughout the whole of the menstruum*^ being 
communicated from one particle to another particle of the same kind^^ and 
diminishing in strength from the place of the poles to the middle pointy which 
is necessarily neutnBd:};. In reference to this diminution of power at increased 
distances from the poles^ he states that in a circuit of ten inches of water, so- 
lution of sulphate of potassa placed four inches from the positive pole^ did 
not decompose; whereas when only two inches from that pole^ it did render 
up its elements^. 

484. When in 1836 Sir Humphry Davy wrote again on this subject^ he 
stated that he found nothing to alter in the fundamental theory laid down 
in the original communication ||^ and uses the terms attraction and repulsion 
apparently in the same sense as before ^. 

485. Messrs. Riffauia* and Chomprs experimented on this subject in 1807. 
They came to the conclusion that the voltaic current caused decompositions 
throughout its whole course in the humid conductor^ not merely as preliminary 
to the recompodtions spoken of by Grotthuss and Davy^ but producing final 
separation of the elements in the course of the current^ and elsewhere than at 
the poles. They considered the negative current as collecting and carrying the 
acids^ &c.^ to the positive pole, and the positive current as doing the same duty 
with the bases, and collecting them at the negative pole. They likewise con* 
sider the currents as more powerful the nearer they are to their respective poles, 
and state that the positive current is superior in power to the negative current**. 

486. M. BioT is very cautious in expressing an opinion as to the cause of the 
separation of the elements of a compound body^f-f*. But as far as the effects 
can be understood^ he refers them to the opposite electrical states of the por- 
tions of the decomposing substance in the neighbourhood of the two poles. The 
fluid is most positive at the positive pole; that state gradually diminishes to the 
middle distance, where the fluid is neutral or not electrical; but from thence to 
the negative pole it becomes more and more negative:}^;. When a particle of salt 

* FhfloBophical TransactioiiB, 1807> p. 39. f Ibid. p. 29. } Ibid. p. 42. 

$ Ibid. p. 42. II Ibid. 1826, p. 888. f Ibid. pp. 889, 407, 415. 

** AnnaleB de Chimie, 1807, torn. Ixiii. p. 88, &c. 

tt Pt^cifl m^mentaiie de Physique, 3»« edition, 1824, torn. i. p. 641. Xt Ibid. p. 637. 
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is decomposed at the negative pole, the acid particle is considered as acquiring 
a negative electrical state from the pole stronger than that of the surrounding 
undecampased particles, and is therefore repelled from amongst them, and from 
out of that portion of the liquid towards the positive pole, towards which also 
it is drawn by the attraction of the pole itself and the particles of positive 
nndecomposed fluid around it *. 

487. M. BioT does not appear to admit the successive decompositions and 
recompositions spoken of by Grotthuss, Davy, &c. &c.; but seems to con- 
sider the substance whilst in transit as combined with, or rather attached to, 
the electricity for the time ^, and though it communicates this electricity to 
the surrounding nndecomposed matter with which it is in contact, yet it re- 
tains during the transit a little superiority with respect to that kind which it 
first received from the pole, and is, by virtue of that difference, carried forward 
through the fluid to the opposite pole %. 

488. This theory implies that decomposition takes place at both poles upon 
distinct portions of fluid, and not at all in the intervening parts. The latter 
serve merely as imperfect conductors, which, assuming an electric state, urge 
particles electrified more highly at the poles through them in opposite direc- 
tions, by virtue of a series of ordinary electrical attractions and repulsions §. 

489. M. A. DB LA RiVB investigated this subject particularly, and published 
a paper on it in 1825 1|. He thinks those who have referred the phenomena to 
the attractive powers of the poles, express the fact generally, rather than give 
any explication of it. He considers the results as due to an actual combina- 
tion of the elements, or rather of half of them, with the electricities passing 
from the poles in consequence of a kind of play of affinities between the matter 
and electricity^. The current from the positive pole combining with the 
hydrogen, or the bases it finds there, leaves the oxygen and acids at liberty, 
but carries the substances it is united with across to the negative pole, where, 
because of the peculiar character of the metal as a conductor**, it is separated 
from them, entering the metal, and leaving the hydrogen or bases upon its 
surfiEice. In the same manner the electricity from the negative pole sets the 

* P^cis El^mentaire de Physique, 3"^ edition, 1824, torn. i. pp. 641, 642. 

t Ibid. p. 636. I Ibid. p. 642. § Ibid. pp. 638, 642. 

II Annales de Chimie, torn, xxviii. p. 190. f Ibid. pp. 200, 202. ** Ibid. p. 202. 
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hydrogen and bases which it finds there, free^ but combines with the oxygen 
and acids^ carries them across to the positive pole, and there deposits them *. 
In this respect M. de la Rivb's hypothesis accords in part with that of 
MM. RiFFAULT and ChomprG (485.). 

490. M. DB LA Rive considers the portions of matter which are decomposed 
to be those contiguous to both poles^. He does not admit with others the suc- 
cessive decompositions and recompositions in the whole course of the electricity 
through the humid conductor:}^, but thinks the middle parts are in themselves 
unaltered^ or at least serve only to conduct the two contrary currents of elec- 
tricity and matter which set off from the opposite poles §. The decomposition, 
therefore, of a particle of water, or a particle of salt, may take place at either 
pole, and when once effected, it is final for the time, no recombination taking 
place, except the momentary union of the transferred particle with the elec- 
tricity be so considered. 

491. The latest communication that I am aware of on the subject is by 
M. Hachettb: its date is October 1832 1|. It is incidental to the description of 
the decomposition of water by the magneto-electric currents (346.). One of the 
results of the experiment is, that ^' it is not necessaiy, as has been supposed, 
that for the chemical decomposition of water, the action of the two electricities, 
positive and negative, should be simultaneous/' 

492. It is more than probable that many other views of electro-chemical de* 
composition may have been published, and perhaps amongst them some which, 
differing from those above, might, even in my own opinion, were I acquainted 
with them, obviate the necessity for the publication of my views. If such be 
the case, I have to regret my ignorance of them, and apologize to the authors. 



493. That electro-chemical decomposition does not depend upon any direct 
attraction and repulsion of the poles (meaning thereby the metallic termina- 
tions either of the voltaic battery, or ordinary electrical machine arrangements 
(312.),) upon the elements in contact with or near to them, appeared very 
evident from the experiments made in air (462, 465, &c.), when the substances 
evolved did not collect about any poles, but, in obedience to the direction 

♦ Annales de Chimie, tom.xxviii. p. 201. t Ibid. pp. 197, 198. J Ibid. pp. 192, 199. 

. i Ibid. p. 200. B Ibid. torn. li. p. 78. 
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of the current, were evolved, and I would say ejected, at the eictremities of the 
decomposing substance. But notwithstanding the extreme dissimilarity in 
tbe character of air and metals, and the almost total difference existing be* 
tween them as to their mode of conducting electricity, and becoming charged 
with it, it might perhaps still be contended, although quite hypothetically, 
that the bounding portions of air were now the surfaces or places of attraction, 
as the metals had been supposed to be before. In illustration of this and 
other points, I endeavoured to devise an arrangement by which I could decom- 
pose a body against a sur&ce of water, as well as against air or metal, and 
succeeded in doing so unexceptionably in the following manner. As the expe- 
riment for very natural reasons requires many precautions, to be successful, 
and will be referred to hereafter in illustration of the views I shall venture to 
give, I must describe it minutely. 

494. A glass basin (fig. 6.), four inches in diameter and four inches deep, 
had a division of mica a, fixed across the upper part so as to descend one 
inch and a half below the edge, and be perfectly water-tight at the sides : a 
plate of platina 6, three inches wide, was put into the basin on one side of the 
division a, and retiuned there by a glass block below, so that any gas produced 
by it in a future stage of the experiment should not ascend beyond the mica, 
and cause currents in the liquid en that side. A strong solution of sulphate of 
magnesia was carefully poured without splashing into tlie basin, until it rose a 
little above the lower edge of the mica division a, great care being taken that 
the glass or mica on the unoccupied or c side of the division in tbe figure, 
should not be moistened by agitation of the solution above the level to which 
it rose. A thin piece of dean cork, well wetted in distilled water, was then 
carefully and lightly placed on the solution at the c side, and distilled water 
poured gently on to it until a stratum the eighth of an inch in thickness ap- 
peared over the sulphate of magnesia; all was then left for a few minutes, that 
any solution adhering to the cork might sink away from it, or be removed by 
the water on which it now floated; and then more distilled water was added in 
a similar maimer, until it reached nearly to the top of the glass. In this way 
solution of the sulphate occupied the lower part of the glass, and also the up- 
per on the right hand side of the mica ; but on the left hand side of the division 
a stratum of water from c to d, one inch and a half in depth, reposed upon it. 
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the two presenting^ when looked through horizontally^ a very definite plane of 
contact. A second platina pole e, was arranged so as to be jast under the sur- 
face of the water^ in a position nearly horizontal, a. little inclination being given 
to it> that gas evolved during decomposition might escape: the part immersed 
was three inches and a half long by one inch wide^ and about seven eighths of an 
inch of water intervened between it and the solution of sulphate of magnesia. : 

495. The latter pole e was now connected with the negative end of a voltaic 
battery^ of forty paira. of plates four inches square^ whilst the former pole b was 
connected with the positive end. There was action and gas evolved at both 
poles ; but from the intervention of the pure water, the decomposition was very 
feeble compared to what the battery would have effected in a uniform solution. 
After a little while (less than a minute,) magnesia also appeared at the negative 
side : it did not make its appearance at the negative pole, but in the water, at the 
plane where the solution and the water met; and on looking at it horizontally, 
it could be there perceived lying in the water upon the solution^ not rising 
more than the fourth of an inch above the latter, whilst the water between it 
and the negative pole was perfectly dear. On continuing the action, the bub- 
bles of hydrogen rising upwards from the negative pole impressed a circulatory 
movement on the stratum of water, upwards in the middle, and downwards at 
the side, which gradually gave an ascendmg form to the cloud of magnesia in 
the part just under the pole, having an appearance as if it were there attracted 
to it; but this was altogether an effect of the currents, and did not occur imtil 
long after the phenomena required were satisfactorily ascertained. 

496. After a little while the voltaic communication was broken, and the pla- 
tina poles removed with as little agitation as possible from the water and solu- 
tion, for the purpose of examining the liquid adhering to lliem. The pole e, 
when touched by turmeric paper^ gave no traces of alkali, nor could anything 
but pure water be found upon it. The pole 6, though drawn through a much 
greater depth and quantity of fluid, was found so acid as to give abundant evi- 
dence to litmus paper, the tongue, and other tests. Hence there had been no 
interference of alkaline salts in any way, imdergoing first decomposition, and 
then causing the separation of the magnesia at a distance from tiie pole by 
mere diemical agencies. 

This experiment was repeated again and agaui, and always successfully. 
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497. As, therefore, the substances evolved in cases of electro-chemical de- 
composition may be made to appear against air (465. 469.)9 — ^which, according 
to common language, is not a conductor, nor is decomposed ; or against water 
(495.), which is a conductor, and can be decomposed, — as well as against 
the metal poles, which are excellent conductors, but imdecomposable, there 
appears but little reason to consider the phenomena generally, as due to the 
attraction or attractive powers of the latter, when used in the ordinary way, 
since similar attractions can hardly be imagined in the former instances. 

498. It may be said that the surfaces of air or of water in these cases become 
the poles, and exert attractive powers ; but what proof is there of that, except 
the fact that the matters evolved collect there, which is the point to be ex- 
plained, and cannot be justly quoted as its own explanation ? Or it may be 
said, that any section of the humid conductor, as that in the present case, 
where the solution and the water meet, may be considered as representing the 
pole. But such does not appear to me to be the view of those who have 
written on the subject, certainly not of some of them, and is inconsistent with 
the supposed laws which they have assumed, as governing the diminution of 
power at increased distances from the poles. 

499. Grotthuss, for instance, describes the poles as centres of attractive and 
repulsive forces (481), these forces varying inversely as the squares of the di- 
stances, and says, therefore, that a particle placed anywhere between the poles 
will be acted upon by a constant force. But the compound force, resulting 
from such a combination as he supposes, would be anything but a constant 
force ; it would evidently be a force greatest at the poles, and diminishing to 
the middle distance. Grotthuss is right, however, in the fact, according to 
my experiments (502. 505.), that the particles are acted upon by equal force 
everywhere in the circuit, when the conditions of the experiment are the sim- 
plest possible ; but the fact is against his theory, and is also, I think, against 
all theories that place the decomposing effect in the attractive power of the 
poles. 

500. Sir Humphry Daw, who also speaks of the diminution of power with 
increase of distance from the poles * (483.), supposes, that when both poles are 
acting on substances to decompose them, still the power of decompositicm 

* Philosophical Transactiozis, 1807, p. 42. 
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dimimshes to the middle distance. In this statement of fact he is opposed to 
Groithuss^ and quotes an experiment in which sulphate of potassa^ placed at 
different distances from the poles in a humid conductor of constant lengthy 
decomposed when near the pole^ but not when at a distance. Such a conse- 
quence would necessarily result theoretically from considering the poles as 
centres of attraction and repulsion ; but I have not found the statement borne 
out by other experiments (605.) ; and in the one quoted by him the effect was 
doubtless due to some of the many interfering causes of variation which attend 
such investigations. 

601. A glass vessel had a platina plate fixed perpendicularly across it^ so as 
to divide it into two cells : a head of mica was fixed over it^ so as to collect the 
gas it might evolve during experiments ; then each cell^ and the space beneath 
the mica, was filled with dilute sulphuric acid. Two poles were provided, con- 
sisting each of a platina wire terminated by a plate of the same metal ; each 
was fixed into a tube passing through its upper end by an air-tight joint, that 
it might be moveable, and yet that the gas evolved at it might be collected. 
The tubes were filled with the acid, and one immersed in each cell. Each pla- 
tina pole was equal in surface to one side of the dividing plate in the middle 
glass vessel, and the whole might be considered as an arrangement between the 
poles of the battery of a humid decomposable conductor divided in the middle 
by the interposed platina diaphragm. It was easy, when required, to draw one 
of the poles further up the tube, and then the platina diaphragm was no longer 
in the middle of the humid conductor. But whether it were thus arranged at 
the middle, or towards one side, it always evolved a quantity of oxygen and 
hydrogen equal to that evolved by both the extreme plates*'. 

602. If the wires of a galvanometer be terminated by plates, and these be 
immersed in dilute acid, contained in a regularly formed rectangular glass 
trough, connected at each end with a voltaic battery by poles equal to the section 
of the fluid, a part of the electricity will pass through the instrument and cause 
a certain deflection. And if the plates are always retained at the same distance 
from each other and from the sides of the trough, are always parallel to each 

* There are certain precautions, in this and such experiments, which can only be understood and 
guarded against by a knowledge of the phenomena to be described in the first part of the Sizlih Series 
of these Researches. 
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other^ and unifonnly placed relative to the floid^ then^ whether the galvano^ 
metw lilates are immersed near the middle of the. decomposing solution^ or 
nev oh^ end^ still the instrumeiit will indicate the same deflection^ and con* 
8eqnently.tbe)3am& electric influence; 

: 50d. It is very evident that when the width of the decomposing conductor 
varies^ as is always the case when mere wires or plates^ as poles, are dipped into 
or are durrdunded by solution/ no constant expression can be given w to the 
action upon a single particle placed'in thb co>arBe of the current, nor any con* 
elusion of use relative to the supposed attractive or repulsive force of the poles 
be drawn. The force will vary as the distance from the pole varies ; as the 
particle is directly between the |>oles, or more or less oh one side; and even as 
it. is nearer to or fmrtU^ from the sides of the ccmtaining vessels, or as the 
shape of the vessel itself varies; and, in fact, by making variations in. the form 
of the iarrangement, the force upon any single particle may be made to in* 
crease, oc diininish, or reknain constant, whilst the distanoe between the par* 
ticleand the pole shall remain the same ;' or the force may be made to increase, 
or diminish,, or remain constant, either as the distance increates or as it dimi- 
nidies; . i. ; 

604. From numerous experiments, I am led to believe the following general 
exparession* to be correct ; but I purpose examining it tnueh farther, and would 
therefore wish not to be considered at present as pledged to its accurticy. The 
sum of chi»nical dedompoeition is cdnstaht for any section taken across a de* 
composing conductor, uniform in its nature, at whatever distance the poles may 
be from eadi 4>ther or from the section ^ or however that section may intersect 
the currents, whether directly across them, or so oblique as to reach almost 
from pole to pole, or whether it be plane, or curved, or irregular in the utmost 
degree ; provided the current of electricity be retained constant in. quantity 
(S77-)9 suid that the section' include all portions of the current through the 
decomposing conductor: ' ' 

'60S; I have reason to believe that the statement might be made still more 
geoevei, »nd expressed thus : That for a constot quantity of electricity, what* 
ever the decomposing conductor may be, whether water, saline solutions, acids, 
fused bodies, &c., the amount of electro-chemiqal action is also a constant 
quantity, i. e. would always be equivalent to a standard chemical efiect founded 
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upon ordinary chemical affinity. I have this investigation in hand^ with several 
othera^ and shall be prepared to give it in the next series but one of these 
ResearcheSb 

506. Many other arguments might be adduced against the hyptotliese^ of the 
attraction of the poles being the cause of electro-ehemical deeomp6sitioni but 
I would rather pass on to the view I have thought more.coi;gistentwtth>fateti^' 
with this single remark ; that if decomposition by the voltaic battery depended 
upon tiiie attraction of the poles^ or the parts about them^ being stronger tfa^n 
the mutual attraction of the particles separated, it would follow that the weak- 
est electrical attraction was stronger than^ if not the stroi^est yet^ very strong 
chemical attraction, namely, such as exists between oxygen and hydrogen, 
potassium and oxygen, chlorine and sodium, acid and alkali,. &c., a conse- 
quence which, although perhaps not impossible, seems in the present state of 
the subject very uidikely. . 

507. The view which M. j>e lh Rive has taken (489.), «and also MM» Rif- 
FAULT and Chomprb (485), of the manner in which electro-chemical decomposi- 
tion is effected, is very different to that already considered, and is not affected 
by either arguments or facts against the latter. Considering it as stated by the 
former philosopher, it appears to me to be incompetent to account for the experi- 
ments of decomposition against surfEU^es of air (462. 469.) and water (495.)t 
which I have described; for if the physical differences between metals and humid 
conductors, which M. db la Rive supposes to account for the transmission of 
the compound of matter and electricity in the latter, and the transmission of the 
electricity only with the rejection of the matter in the former, be allowed for a 
moment, still the relation of air to metal is, electrically considered, so > small, 
that instead of the former replacing the latter (462.), an effisct the very reverse 
might have been expected. Or if even that were allowed, the experiment witii 
water (495.), at once sets the matter at rest, tiie decomposing pole being now 
of a substance which is admitted as competent to transmit the compound of 
electricity and matter. 

508. With regard to the views of MM. Riffault and Chomfrb (485.), the 
occurrence of deposition in the course of the current is so contrary to the well 
known effects obtained in the forms of experiment adopted up to this time, that 
it must be proved before the hypothesis depending on it need be considered. * 

4u2 
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609. The consideration of the various theories of electro-chemical decom* 
position^ whilst it has made me diffident, has also given me confidence to add 
another to the number; for it is because the one I have to propose appears^ 
after the most attentive consideration, to explain and agree with the immense 
collection of facts belonging to this branch of science, and to remain uncontra- 
dicted by, or unopposed to, any of them, that I have been encouraged to give it. 

510. Electro-chemical decomposition is well known to depend essentially 
upon the current of electricity. I have shown that in certain cases (375.) the 
decomposition is proportionate to the quantity of electricity passing, whatever 
may be its intensity or its source, and that the same is probably true for all 
cases (3770^ ^^^^ when the utmost generality is taken on the one hand, and 
great precision of expression on the other. 

511. In speaking of the current, I find myself obliged to be still more parti- 
cular than on a former occasion (283.), in consequence of the variety of views 
taken by philosophers, all agreeing in the effect of the current itself. Some 
philosophers, with Franklin, assume but one electric fluid ; and such must 
agree together in the general uniformity and character of the electric current. 
Others assume two electric fluids ; and here singular differences have arisen. 

512. MM. RiFFAUi;rand Chomprb, for instance, consider the positive and 
negative currents each as causing decomposition, and state that the positive 
current is mare powerful than the negative current*", the nitrate of soda being, 
under similar circumstances, decomposed by the former, but not by the latter. 

513. M. Hacheite states *f* that ^Mt is not necessary, as has been believed^ 
that the action of the two electricities, positive and negative, should be simultar 
neous for the decomposition of water.** The passage implying, if I have caught 
the meaning aright, that one electricity can be obtained, and can be applied in 
effecting decompositions, independent of the other. 

514. The view of M. de la Rive to a certain extent agrees with that of 
M. Hacheite, for he considers that the two electricities decompose separate 
portions of water (490.):};. In one passage he speaks of the two electricities 
as two influences, wishing perhaps to avoid offering a decided opinion upon 
the independent existence of electric fluids ; but as these influences are consi- 

* Annales de Chimie, 1807, torn. Ixiii. p. 84. t Ibid. 18d2» torn. li. p. 73. 

{ n)id. 1825, torn, zxviii. pp. 197, 201. 
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dered as combining with the elements set free as by a species of chemical 
affinity^ and for the time entirely masking their character^ great vagaeness of 
idea is thus introduced, inasmuch as such species of combination can only be 
conceived to take place between things having independent existence. The 
two elementary electric currents, moving in opposite directions, from pole to 
pole, constitute the ordinary voltaic current. 

515. M. Grotthuss is inclined to believe that the elements of water, when 
about to separate at the poles, combine with the electricities, and so become 
gases. M. de la Rive*8 view is the exact reverse of this : whilst passing 
through the fluid, they are, according to him, compounds with the electricities; 
when evolved at the poles, they are de- electrified. 

516. I have sought amongst the various experiments quoted in support of 
these views, or connected with electro-chemical decompositions or electric cur- 
rents, for any which might be considered as sustaining the theory of two elec- 
tricities rather than that of one, but have not been able to perceive a single 
fieu^t which could be brought forward for such a purpose : or, admitting the 
hypothesis of two electricities, much less have I been able to perceive the 
slightest grounds for believing that one electricity in a current can be more 
powerful than the other, or that it can be present without the other, or that one 
can be varied, or in the slightest degree aflfected, without a corresponding va- 
riation in the other. If, upon the supposition of two electricities, a current <^ 
one can be obtained without the other, or the current of one be exalted or di- 
minished more than the other, we might surely expect some variation either of 
the chemical or magnetical effects, or of both; but no such variations have been 
observed. If a current be so directed that it may act chemically in one part 
of its course, and magnetically in another, the two actions are always found to 
take place together. A current has not, to my knowledge, been produced which 
could act chemically and not magnetically, nor any which can act on the 
magnet, and not at the same time chemically*. 

517. Judging Jrom facts onbf^ there is not as yet the slightest reason for con- 
sidering the influence which is present in what we call the electric current, — 
whether in metals or fused bodies or humid conductors, or even in air, flame, 

* Thenno-electiic currents are of course no exception^ because when they fail to act chemically they 
also fail to be currents. 
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and rarefied elaBtic mediA^ — as ^a' compound ot codipliGbted mflti^ice. It has 
never been resolved into simpler or elementary InlBiuences^ and may peAaps 
best be conceived of as an aais of power hewing contrart/ /orces, exactly equal 
in amount^ in contrary-directions. 

518. Passing to the consideration of electro-chemical decomposition, it ap- 
pears to me that the eflfect is produced by an internal corpuscular action, ex^ 
erted according to the direction of the electric current^ and that it is due to 
a force eitheir superadded to, or giving directum to the ordinary chemical affmiy 
of the bodies present. The decomposing body may be considered as a mass 
of acting particles, all those which are included in the course of the electric 
current contributing to the final effect; and it is because the ordinary chemical 
affinity is relieved, weakened, or partly neutralized by the influence of the 
electric cUk'rent in one direction, paralM to the course of the latter, and 
strengthened or added to in the opposite direction, that the combining parti- 
cles have a tendency to pass in opposite courses. 

519. In this view the effect is considered as essentially dependent upon the 
mutual chemical affinity of the particles of opposite kinds. Ftoticles a a, fig. 7 9 
could not be transferred or travel from one pole N towards the other P, unless 
they found particles of the opposite kind b b, ready to pass in the contrary direc- 
tion : for it is by virtue of their increased affinity for those particles, combined 
with their diminished affinity Cm* such as are behind them in their course, that 
they are urged forward: and when any one particle a, fig. 8, arrives at the pole, 
it is excluded or set free, because the particle b of the opposite kind, with which 
it was the moment before in combination, has, under the superinducing influence 
of the current, a greater attraction for the particle a', which is before it in it» 
course, than for the particle a, towards which its affinity has been weakened. 

520. As far as regards any single compound particle, the case may be con- 
sidered as analogous to one of ordinary decomposition, fi>r in fig. 8, a may 
be conceived to be expelled from the compound a 6 by the superior attraction 
of a' for b, that superior attraction belonging to it in consequence of the relative 
position ata'b and a to the direction of the axis of electric power (517.) super- 
induced by the current. But as all the compound particles in the course 
of the current, except those actually in contact with the poles, act conjointly, 
and consist of elementary particles, which, whilst they are in one direction 
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expelling, are in the other being expelled, the caae becomes more complicated, 
but not more difficnlt of comprehension. 

521. It is not here assamed that the acting particles must be in a right line 
between the poles. The lines of action which may be supposed to represent 
the electric currents passing through a decomposing- liquid, have in many 
experiments very irregular forms ; and even in tiie'Simplest case of two wires or 
points immersed as poles in a drop, or larger single portion of fluid, these lines 
must diverge rapidly from the poles; and the direction in which the chemical 
affinity between particles is most poweriuUy modified (519\.'520.) will vary 
with the direction of these lines, according constantly with them^ But even in 
reference to Ihese lines or currents, it is not supposed that the particles which 
mutually afifect each other must of necessity be parallel to them, but only that 
they shall iaccord generally with their direction. Two particles^ placed in a line 
perpendicular to the plectric current passing in any particular place, ave not 
supposed to have their ordinary chemical relations towards each other aifiM^ted; 
but as the line joining them is inclined one way to the current, their mutual 
affinity is increased ; as it is inclined in the other direction, it is diminished ; 
and the effect is a maximum, when that line is parallel to the current. 

522. That the actions, of whatever kind they may be, take place frequently 
in oblique directions is evid^itirom the circumstance of those particles being^ 
included which ia numerous cases are not in a line between the poles. Thus, 
when wires are used as poles in a glass of solution, the decompositions and 
reoompositions occur to the right or left of the direct line between the poles, 
and indeed in every part to which the currents extend, as is proved by many 
experiments, and must therefore often occur between particles obliquely placed 
as respects the current itself; and when a metallic vessel containing the solu-> 
tion is made one pole, whilst a mere point or wire is 4ised for the oth^, the 
deeompositions and reoompositions must frequently be still more oblique to 
the course of the currents. 

523. The theory which I have ventured to put forth (almost) requires an ad-» 
mission, that in a compound body capable of electro-chemical decomposition 
the elementary particles have a mutual relation to, atiid influence upon* each 
other^ extending beyond those with which th^y are immjBdiately combined. 
Thku^in water, a particle of hydrogen in combinatioQ.Wtth oxygen is considered 
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as not altogether indifferent to other particles of oxygen, although they are 
combined with other particles of hydrogen ; but to have an affinity or attrac- 
tion towards them, which, though it does not at all approach in force, under 
ordinary circumstances, to that by which it is combined with its own particle, 
can under the electric influence, exerted in a definite direction, be made even 
to surpass it. This general relation of particles already in combination to 
other particles with which they are not combined, is sufficiently distinct in nu- 
merous results of a purely chemical character, especially in those where partial 
decompositions only take place, and inBERTHoixET^s experiments on the effects 
of quantity upon affinity ; and it probably has a direct relation to, and con- 
nexion with, attraction of aggregation, both in solids and fluids. It is a re- 
markable circumstance, that in gases and vapours, where the attraction of 
aggregation ceases, there likewise the decomposing powers of electricity appa- 
rently cease, and there also the chemical action of quantity is no longer evident. 
It seems not unlikely, that the inability to suffer decomposition in these cases 
may be dependent upon the absence of that mutual attractive relation of the 
particles which is the cause of aggregation. 

624. I hope I have now distinctly stated, although in general terms, the 
vi^w I entei*tain of the cause of electro-chemical decomposition, as far as that 
cause can at present be traced and understood. I conceive the effects to arise 
from forces which are intemaly relative to the matter under decomposition — 
and not external^ as they might be considered, if directly dependent upon the 
poles. I suppose that the effects are due to a modification, by the electric cur- 
rent, of the chemical affinity of the particles through or by which that current 
is passing, giving them the power of acting more forcibly in one direction than 
in another, and consequently making them travel by a series of successive 
decompositions and recompositions in opposite directions, and finally causing 
their expulsion or exclusion at the boundaries of the decomposing body, in the 
direction of the current, and that in larger or smaller quantities, according as 
the current is more or less powerful (3770* I think, therefore, it would be 
more philosophical, and more directly expressive of the facts, to speak of a 
decomposing body, in relation to the current passing through it, rather than 
to the poles, as they are usually called, in contact with it ; and say that whilst 
under decomposition, oxygen, chlorine, iodine, acids, &c., are rendered at the 
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negative extremity, and combustibles, metals, alkalies, bases, &e., at the positive 
extremity of the decomposing substance (467.)* I ^o not believe that a sub- 
stance can be transferred in the electric current beyond the point where it ceases 
to find particles with which it can combine ; and I may refer to the experiments 
made in air (465.), and in water (495.), already quoted, for facts illustrating 
these views in the first instance ; to which I will now add others. 

525. In order to show the dependence of the decomposition and transfer of 
elements upon the chemical affinity of the substances present, experiments 
were made upon sulphuric acid in the following manner. Dilute sulphuric 
acid was prepared : its specific gravity was 1021*2. A solution of sulphate of 
soda was also prepared, of such strength that a measure of it contained exactly 
as much sulphuric acid as an equal measure of the diluted acid just referred to. 
A solution of pure soda, and another of pure ammonia, were likewise prepared, 
of such strengths that a measure of either should be exactly neutralized by a 
measure of the prepared sulphuric acid. 

526. Four glass cups were then arranged, as in fig. 9 ; seventeen measures 
of the free sulphuric acid (525.) were put into each of the vessels a and b, 
and seventeen measures of the solution of sulphate of soda into each of the 
vessels A and B. Asbestus, which had been well washed in acid, acted upon 
by the voltaic pile, well washed in water, and dried by pressure, was used to 
connect a with b and A with B, the portions being as equal as they could be 
made in quantity, and cut as short as was consistent with their performing the 
part of effectual communications, b and A were connected by two platina 
plates or poles soldered to the extremities of one wire, and the cups a and B 
were by similar platina plates connected with a voltaic battery of forty pairs 
of plates four inches square, that in a being connected with the negative, and 
that in B with the positive pole. The battery, which was not powerfully 
charged, was retained in communication above half an hour. In this manner 
it was certain that the same electric current had passed through a b and AB, 
and that in each instance the same quantity and strength of acid had been 
submitted to its action, but in one case merely dissolved in water, and in the 
other dissolved and also combined with an alkali. 

527. On breaking the connexion with the battery, the portions of asbestus 
were lifted out, and the drops hanging at the ends allowed to fi^l each into its 
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respective vessel. The acids in a and h were then first compared, for which 
purpose two evaporating dishes were balanced, and the acid from a put into 
one, and that from h into the other ; but as one was a little heavier than the 
other, a small drop was transferred from the heavier to the lighter, and the 
two rendered equal in weight. Being neutralized by addition of the soda 
solution (525.), that from a, or the negative vessel, required 15 parts of the 
soda solution, and that from i, or the positive vessel, required 16*3 parts. 
That the sum of these is not 34 parts is principally due to the acid removed 
with the asbestus ; but, taking the mean of 15*65 parts, it would appear that a 
twenty-fourth part of the acid originally in the vessel a had passed, through 
the influence of the electric current, from a into h. 

528. In comparing the difference of acid in A and B, the necessary equality 
of weight was considered as of no consequence, because the solution was at 
first neutral, and would not, therefore, affect the test liquids, and all the 
evolved acid would be in B, and the free alkali in A. The solution in A 
required 3*2 measures of the prepared acid (525.) to neutralize it, and the 
solution in B required also 3*2 measures of the soda solution (525.) to neu- 
tralize it. As the asbestus must have removed a little acid and alkali from 
the glasses, these quantities are by so much too small ; and therefore it would 
appear that about a tenth of the acid originally in the vessel A had been trans- 
ferred into B during the continuance of the electric action. 

529. In another similar experiment, wliilst a thirtyrfifth part of the acid 
passed from a to 6 in the free acid vessels, between a tenth and an eleventh 
passed from A to B in the combined acid vessels. Other experiments of the 
same kind gave similar results. 

530. The variation of electro-chemical decomposition, the transfer of ele- 
ments and their accumulation at the poles, according as the substance sub- 
mitted to action consists of particles opposed more or less in their chemical 
affinity, together with the consequent influence of the latter circumstances, are 
sufficiently obvious in these cases, where sulphuric acid is acted upon in the 
same quantity by the same electric current, but in one case opposed to the com- 
paratively weak affinity of water for it, and in the other to the stronger one of 
soda. In the latter case the quantity transferred is from two and a half to 
three times what it is in the former; and it appears therefore very evident that 
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the transfer is greatly dependent upon the mutual action of the particles of the 
decomposing bodies. 

531. In some of the experiments the acid from the vessels, a and h was 
neutralized by ammonia^ then evi^porated to dryness^ heated to redness^ and 
the residue examined for sulphates. In these cases more sulphate was always 
obtained from a than from hi showing that it had been impossible to exclude 
saline bases (derived from the asbestus^ the glass^ or perhaps impurities origi- 
nally in the acid^) and that they had helped in transferring the acid into h. 
But the quantity was small^ and the acid was principally transferred by rela- 
tion to the water present. 

532. I endeavoured to arrange certain experiments by which saline solutions 
should be decomposed against surfaces of water ; and at first worked with the 
electric machine upon a piece of bibulous paper^ or asbestus moistened in 
the solution^ and in contact at its two extremities with pointed pieces of paper 
moistened in pure water, which served to carry the electric current to and 
from the solution in the middle piece. But I found numerous interfering dif- 
ficulties. Thus, the water and solutions in the pieces of paper could not be pre- 
vented from mingling at the point where they touched. Again, sufficient acid 
could be derived from the paper connected with the discharging train, or it 
may be even from the air itself, under the influence of electric action, to 
neutralize the alkali developed at the positive extremity of the decomposing 
solution, and so not merely prevent its appearance, but actually transfer it on 
to the metal termination : and, in fiict, when the paper points were not allowed 
to touch there, and the machine was worked until alkali was evolved at the 
delivering or positive end of the turmeric paper, containing the sulphate of 
soda solution, it was .merely necessary to place the opposite receiving point of 
the paper connected with the discharging train, which had been moistened by 
distilled water, upon the browned turmeric point and press them together, when 
the alkaline eflfect immediately disappeared. 

533. The experiment with sulphate of magnesia already described (495.) is 
a case in point, however, and shows most clearly that the sulphuric acid and 
magnesia contributed to each other^s transf^ and final evolution, ^Lactly as the 
same acid and soda affiscted each other in the results just given (527, &c.) ; and 
that so soon as the magnesia advanced beyond the reach of the acid, and 
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found no other substance with which it could combine^ it appeared in its pro- 
per character^ and was no longer able to continue its progress towards the 
negative pole. 

534. The theory I have ventured to put forth appears to me to explain all the 
prominent features of electro-chemical decomposition in a satisfactory manner. 

535. In the first place it explains why, in all ordinary cases, the evolved sub- 
stances appear only at the poles ; for the poles are the limiting surfaces of the 
decomposing substance, and except at them, every particle finds other particles 
having a contrary tendency with which it can combine. 

536. Then it explains why, in numerous cases, the elements or evolved sub- 
stances are not retained by the poles ; and this is no small difficulty in those 
theories which refer the decomposing effect directly to the attractive power of 
the poles. If a piece of platina have sufilcient power g^ven to it by any means 
to attract a particle of hydrogen from the particle of oxygen with which it was 
the instant before combined, there seems no sufficient reason, nor any &ct, ex- 
cept those to be explained, which show why it should not, according to ana- 
logy with all ordinary attractive forces, as those of gravitation, the magnet, 
cohesion, chemical affinity, &c., retain that particle which it had just before 
taken from a distance and from previous combination. Yet it does not do so, 
but allows it to escape freely. Nor does this depend upon its assuming the 
gaseous state, for acids and alkalies, &c., are left equally at liberty to diffuse 
themselves through the fluid surrounding the pole, and show no particular ten- 
dency to combine with or cleave to the latter. And though there are plenty 
of cases where combination with the pole does take place, they do not at all 
explain the instances of non-combination, and do not therefore in their parti- 
cular action reveal the general principle of decomposition. 

537. But in the theory that I have just given, the eflfect appears to be a natural 
consequence of the action: the evolved substances are expelled from the decom- 
posing mass (5 18. 5 19.), not drawn out hy an attractUm which ceases to act on one 
particle without any assignable reason, while it continues to act on another of 
the same kind: and whether the poles be metal, water, or air, still the substances 
are evolved, and sometimes are set free, or sometimes unite to the matter of the 
poles, according to the chemical nature of the latter, i. e. the chemical relation 
of their particles to those which are leaving the substance under operation. 
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538. The theory accounts for the transfer of elements in a manner which 
seems to me at present to leave nothing unexplained ; and it was^ indeed^ the 
phenomena of transfer in the numerous eases of decomposition of bodies ren^ 
dered fluid by heat (380. 402.), which^ in conjunction with the experiments in air, 
led to its construction. Such cases as the former where binary compounds of easy 
decomposability are- acted upon^ are perhaps the best to illustrate the- theory. 

539. Chloride of lead^ for instance, fused in a bent tube (400.)^ and de^ 
composed by platina wires, evolves lead, passing to what is usually called the 
negative pole, and chlorine, which being evolved at the positive pole, is in 
part set free, and in part combines with the platina. The chloride formed, being 
soluble in the chloride of lead, is subject to decomposition, and the platina it- 
self is gradually transferred across the decomposing matter, and found with the 
lead at the negative pole. 

540. Iodide of lead evolves abundance of lead at the negative pole, and 
abundance of iodine at the positive pole. 

541. Chloride of silver furnishes a beautiful instance, especially when de- 
composed by silver wire poles. Upon fusing a portion of it on a piece of glass, 
and bringing the poles into contact with it, there is abundance of silver evolved 
at the negative pole, and an equal abundance absorbed at the positive pole, 
for no chlorine is set free; and by careful management, the negative mre may 
be withdrawn from the fused globule as the silver is reduced there, the latter 
serving as the continuation of the pole, until a wire or thread of revived silver, ** 
five or six inches in length, is produced ; at the same time the silver at the 
positive pole is as rapidly dissolved by the chlorine, which seizes upon it, so 
that the wire has to be continually advanced as it is melted away. The whole 
experiment includes the action of only two elements, silver and chloiine, and 
illustrates in a beautiful manner their progress in opposite directions, parallel 
to the electric current, which is for the time giving a uniform general direction 
to their mutual affinities (524.). 

542. According to my theory, an element or a substance not decomposable 
under the circumstances of the experiment, (as, for instance, a dilate acid or 
alkali,) should not be transferred, or pass from pole to pole, unless it be in 
chemical relation to some other element or substance tending to pass in the 
opposite direction, for the eflfect is considered as essentially due to the mutual 
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relation of such particles. But the theories attributing the determination of the 
elements to the attractions and repulsions of the poles require no such condi- 
tion, i. e. there is no reason apparent why the attraction of the positive pole, 
and the repulsion of the negative pole, upon a particle of free acid, placed in 
water between them, should not (with equal currents of electricity) be as strong 
as if that particle were previously combined with alkali; but, on the contrary, 
as they have not a powerful chemical affinity to overcome, there is every reason 
to suppose they would be stronger, and would sooner bring the acid to rest at 
the positive pole*. Yet such is not the case, as has been shown by the experi- 
ments on free and combined acid (526. 528.). 

543. Neither does M. dj^ la Rivb's theory, as I understand it, require tliat 
the particles should be in combination: it does not even admit, where there are 
two sets of particles capable of combining with and passing by each other, that 
they do combine, but supposes that they travel as separate compounds of mat- 
ter and electricity. Yet in fact, the free substance cannot travel, the combined 
one can. 

544. It is very difficult to find cases amcmgst solutions or fluids which shall 
illustrate this point, because of the difficulty of finding two fluids which shall 
conduct, shall not mingle, and in which an element evolved from one shall not 
find a combinable element in the other. Solutions of acids or alkalies will not 
answer, because they exist by virtue of an attraction ; and mcreasing the solu- 
bility of a body in one direction, and diminishing it in the opposite, is just as 
g6od a reason for transfer, as modifying the affinity between the acid and alkali 
themselves. Nevertheless the case of sulphate of magnesia is in point (494. 
495.), and shows that one element or principle only has no power of trans- 
ference or of passing towards either pole. 

545. Many of the metals, however, in their solid state, offer very fair instances 
of the kind required. Thus, if a plate of platina be used as the positive pole in 
a solution of sulphuric acid, oxygen will pass towards it, and so will acid ; but 
these are not substances having such chemical relation to the platina as, even 
under the favourable condition superinduced by the current (518. 524.), to com- 
bine with it; the platina therefore remains where it was first placed, and has 

* Even Sir Humpbrt Datt oonaidered the attractioii of the pole as being communicated from one 
partide to another of the same load (483.). 
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no tendency to pass towards the negative pc^. Bat if a plate of iron^ zinc or 
copper, be substituted for the platina, then the oxygen and acid can combine 
with these, and the metal immediately begins to travel as an oxide, to the oppo- 
site pole, and is finally deposited there. Or if, retaining the platina pole, a fused 
chloride, as of lead, zinc, silver, &c*, be substituted for the sulphuric acid, then, 
as the platina finds an element it can combine with, it enters into union, acts 
as other elements do in cases of voltaic decomposition, is rapidly transferred 
across: the melted matter, and expelled at the negative pole. 

546. I can see but little reason in the theories referring the electro-chemical 
decomposition to the attractions and repulsions of the poles, and I can perceive 
none in'M. de la Rive's theory, why the metal of the positive pole should not 
be transferred across the intervening conductor, and deposited at the negative 
pole, evisn when it cannot act chemically upon the element of the fluid sur- 
rounding it. It cannot be referred to the attraction of cohesion preventing 
such an effect; for if the pole be made of the lightest spongy platina, the effect 
is the same. Or if gold precipitated by sulphate of iron be diflEiised through 
the solution, still accumulation of it at the negative pole will not take place ; 
and yet in it the attraction of cohesion is almost perfectly overcome, the pai-- 
tides are so small as to remain for hours in suspension, and are perfectly free 
to move by the slightest impulse towards either pole ; and if in relaiion by 
chemical affinity to any substance present, are powerfully determined to the 
negative pole *. 

647. lu support of these arguments, it may be observed, that as yet no de- 
termination of a substance to a pole, or tendency of obedience to the electric 
current, has been observed (that I am aware of,) in cases of mere mixtui*e ; 
i. e. a substance diffused through a fluid, but having no sensible chemical affi- 
nity with it, or vtdth substances that may be evolved from it during the action, 

* In making this experiment, care must be taken that no substance be present that can act chemi- 
cally on the gold. Although I used the metal very carefully washed* and diffused through dilute sul- 
phuric acid» yet in ike first instance I obtained gold at tbe negative pole, and the effect was repealled 
when the platina poles were changed. But on examining tiie dear liquor in the cell, after subsidence of 
the metallic gold, I found a little of that metal in solution, and a little chlorine was also present. I 
therefore well washed the gold which had thus been subjected to voltaic action, diffused it through 
other pure dilute sulphuric add, and then found that on subjecting it/to the action of the poles, not 
the slightest tendency to the negatiye pole codd be pereetred. 
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does not in any case seem to be affected by the electric current. Pulverised 
icbarcoal was diffused through dilute sulphuric acid, and subjected with the 
solution to the action of a voltaic battery, terminated by platina poles ; but not 
the slightest tendency of the charcoal to the negative pole could be observed. 
Sublimed sulphur was diffused through similar acid, and submitted to the 
same action, a silver plate being used as the negative pole; but the sulphur had 
no tendency to pass to that pole, the silver was not tarnished, nor did any sul- 
phuretted hydrogen appear. The case of magnesia and water (495. 533.), with 
those of comminuted metals in certain solutions (546.), are also of this kind ; 
and, in fact, substances which have the instant before been powerfuBy deter- 
mined towards the pole, as magnesia from sulphate of magnesia, become en- 
tirely indifferent to it the moment they assume their independent state, and 
pass away, diffusing themselves in the surrounding fluid. 

548. There are, it is true, many instances of insoluble bodies being acted 
upon, as glass, sulphate of baryta, marble, slate, basalt, &c., but they form no 
exception ; for the substances they give up are in direct and strong relation 
as to chemical affinity with those which they find in the surrounding solution, 
so that these decompositions enterinto the class of ordinary effects. 

549. It may be expressed as a general consequence, that the more directly 
bodies are opposed to each other in chemical affinity, the more ready is their 
separation from each other in cases of electro-chemical decomposition, i. e. pro- 
vided other circumstances, as insolubility, deficient conducting power, propor- 
tions, &c., do not interfere. This is well known to be the case with water and 
saline solutions ; and I have found it to be equally true with dry chlorides, 
iodides, salts, &c., rendered subject to electro-chemical decomposition by 
tusion (402.). So that in applying the voltaic, battery for the purpose of 
decomposing bodies not yet resolved into forms of matter simpler than their 
own, it must be remembered, that success may depend not upon the weakness, 
or failure upon the strength, of the affinity by which the elements sought for 
are held together, but contrariwise ; and then modes of application may be 
devised by which, in association with ordinary chemical powers, and the assist- 
ance of fusion (394. 4170> ^^ m&y l>6 ^ble to penetrate much further than at 
present into the constitijition of our chemical elements. 

550* Some of the most beautiful and surprising cases of electro-chemical 
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decomposition and transfer which Sir Humphry Davy described in his cele- 
brated paper*^ were those in which acids were passed through alkalies^ and alka- 
lies or earths through acids*}*; and the way in which substances having the 
most powerful attractions for each other were thus prevented from combining, 
or, as it is said, had their natural affinity destroyed or suspended throughout the 
whole of the circuit, excited the utmost astonishment. But if I be right in the 
view I have taken of the effects, it will appear, that that which made the wonder y 
is in fact the essential condition of transfer and decomposition, and that the 
more alkali there is in the course of an acid, the more will the transfer of that 
acid be &cilitated from pole to pole ; and perhaps a better illustration of the 
difference between the theory I have ventured, and those previously existing, 
cannot be offered than the views they respectively give of such facts as these. 

551. The instances in which sulphuric acid could not be passed through 
baryta, or baryta through sulphuric acid:|:, because of the precipitation of sul- 
phate of baryta, enter within the pale of the law already described (380. 412.), 
by which liquidity is so generally required. In assuming the solid state of sul- 
phate of baryta, they became virtually non-conductors to electricity of so low 
a tension as that of the voltaic battery, and- tbe power of the latter over them 
was almost infinitely diminished. 

552. The theory I have advanced accords in a most satisfactory manner 
with the fact of an element or substance finding its place of rest, or rather of 
evolution, sometimes at one pole and sometimes at the other. Sulphur illus- 
trates this effect very well. When sulphuric acid is decomposed by the pile, 
sulphur is evolved at the negative pole; but when sulphuret of silver is decom- 
posed in a similar way (436.), then the sulphur appears at the positive pole ; and 
if a hot platina pole be used so as to vaporize the sulphur evolved in the latter 
case, then the relation of that pole to the sulphur is exactly the same as the i-ela- 
tion of the same pole to oxygen upon its immersion in water. In both cases the 
element evolved is liberated at the pole, but not retained by it ; but by virtue 
of its elastic, uncombinable, and immiscible condition passes away into the 
surrounding medium. The sulphur is evidently determined in these opposite 
directions by its opposite chemical relations to oxygen and silver; and it is to 
such relations generally that I have referred all electro-chemical phenomena. 

* FfailoBopbical TransactionB, 1807, p. 1. f Ibid. p. 24, &c. % Ibid. p. 25, &c. 
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Where they do not exists no electro-chemical action can take place. Where 
they are strongest, it is most powerful ; where they are reversed, the direction 
of transfer of the substance is reversed with then^. 

553. fFater may foe considered as one of those substances which can be 
made to pass to either pole. When the poles are immersed in dilute sulphuric 
acid (527.), acid passes towards the positive pole, and water towards the 
negative pole; but when they are immersed in dilute alkali, the alkali passes 
towards the negative pole, and water towards the positive pole. 

554. Nitrogen is another substance which is considered as determinable to 
either pole ; but in consequence of the numerous compounds which it forms, 
some of which pass to one pole and some to the other, I have not always found 
it easy to determine the true circumstances of its appearance. A pure strong 
solution of ammonia is so bad a conductor of electricity that it is scarcely more 
decomposable than pure water ; but if sulphate of ammonia be dissolved in it, 
then decomposition takes place very well, nitrogen almost pure, and in some 
cases quite, is evolved at the positive pole, and hydrogen at the negative pole. 

555. On the other hand, if a strong solution of nitrate of ammonia be de- 
composed, oxygen appears at the positive pole, and hydrogen, with sometimes 
nitrogen, at the negative pole. If fused nitrate of ammonia be employed, hydro- 
gen appears at the negative pole, mingled with a little nitrogen. Strong nitric 
acid 3rields plenty of oxygen at the positive pole, but no gas (oply nitrous acid,) 
at the negative pole. Weak nitric acid yields the oxygen and hydrogen of the 
water present, the acid apparently remaining unchanged. Strong nitric acid, 
with nitrate of ammonia dissolved in it, yields a gas at the negative pole, of 
which the greater part is hydrogen, but apparently a little nitrogen is present. 
I believe, that in some of these cases a little nitrogen appeared at the negative 
pole. I suspect, however, that in all these, and in all former cases, the appear- 
ance of the nitrogen at the positive or negative pole is entirely a secondary 
effect, and not an immediate consequence of the decomposing power of the 
electric current. 

556. A few observations on what are called the poles of the voltaic battery 
now seem necessary. The poles are merely the surfaces or doors by which the 
electricity enters into or passes out of the decomposing substance. They limit 
the extent of that substance in the course of the electric current, being its 
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teL-mination in that direction : hence the elements evolved pass so £a.r and no 
further. 

557. Metals make admirable poles, in consequence of their high conducting 
power, their immiscibility with the substances generally acted upon, their solid 
form, and the opportunity afforded of selecting some upon which ordinary 
substances exert no chemical action. 

558. Water makes a pole of difficult application, except in a few cases 
(494.), because of its small conducting power, its miscibility with most of the 
substances acted upon, and its general relation to them in respect to che* 
mical affinity. It consists of elements, which in their electrical and chemical 
relations are directly and powerfully opposed, yet combining to produce a 
body more neutral in its character than any other. So that there are but few 
substances which do not come into relation, by chemical affinity, with water or 
one of its elements ; and therefore either the water or its elements are trans- 
ferred and assist in transferring the infinite variety of bodies which, in association 
with it, can be placed in the course of the electric current. Hence the reason 
why it so rarely happens that the evolved substances rest at the first surface of 
the water, and why it therefore does not exhibit the ordinary action of a pole. 

559. Air, however, and some gases are free from the latter objection, and 
may be used as poles in many cases (461, &c.) ; but, in consequence of the 
extremely low degree of conducting power belonging to them, they cannot be 
employed with the voltaic apparatus. This limits their use ; for the voltaic 
apparatus is the only one as yet discovered which supplies sufficient quantity 
of electricity (371.376.) to effect electro-chemical decomposition with facility. 

560. Where the poles are liable to the chemical action of the substances 
evolved, either simply in consequence of their natural relation to them, or 
of that relation aided by the influence of the current (518.), then they suffer 
corrosion, and the parts dissolved are subject to transference, in the same 
manner as particles of the original decomposing body. An immense series of 
phenomena of this kind might be quoted in' support of the view I have taken 
of the cause of electro-chemical decomposition, and transfer and evolution of 
the elements. Thus platina^ as the positive and negative poles in a solution 
of sulphate of soda, has no affinity or attraction for the oxygen, hydrogen, acid, 
or alkali evolved, and refuses to combine with or retain them. Zinc can com- 
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bine with the oxygen and acid; at the positive pole it does combine^ and imme- 
diately begins to travel as oxide towards the negative pole. Charcoal^ which 
cannot combine with the metals^ if made the negative pole in a metallic solu- 
tion^ refuses to unite to the bodies which are ejected from the solution upon its 
surface ; but if made the positive pole in a dilute solution of sulphuric acid^ it 
is capable of combining with the oxygen evolved there^ and consequently unites 
with it^ producing both carbonic acid and carbonic oxide in abundance. 

561. A great advantage is frequently supplied, by the opportunity afforded 
amongst the metals of selecting a substance for the pole which shall or shall 
not be acted upon by the elements to be evolved. The consequent use of pla- 
tina is notorious. In the decomposition of sulphuret of silver and other sul- 
phurets, a positive silver pole is superior to a platina one^ because in the former 
case the sulphur evolved there is combined with the silver^ and the decompo- 
sition of the original sulphuret rendered evident ; whereas in the latter case it is 
dissipated, and the assurance of its separation at the pole not easily obtained. 

562. The effects which take place when a succession of conducting decom- 
posable and undecomposable substances are placed in the electric circuit, 
as, for instance, of wires and solutions, or of air and solutions (465. 469.), 
are explained in the simplest possible manner by the view I have given. In 
consequence of the reaction of the constituents of each portion of decomposar- 
ble matter, affected as they are by the supervention of the electric current 
(524.), portions of the proximate or ultimate elements proceed in the direction 
of the current as far as they find matter of a contrary kind capable of effecting 
their transfer, and being equally affected by them ; and where they cease to 
find such matter, they are evolved in their free state, i. e. upon the surfoces of 
metal or air bounding the extent of decomposable matter in the direction of 
the currents. 

563. Having thus given my theory of the mode in which electro-chemical 
decomposition is effected, I will refrain for the present from entering upon the 
numerous general considerationsVhich it suggests, wishing first to submit it 
to the test of publication and discussion. 

Roj/al InsHiuium, 
June 1^3. 
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XXIX. The Anatomy and Physiology of the Liver. By Francis Kibrnan^ 
Esq.y Member of the Royal College of Surgeons, late Teacher of Anatomy. 
Communicated by J. H* Grebn^ Esq., F.R.S. 

Received June 20,— Read June 20, 1833. 

The small bodies of which the lirer is composed^ and which have been 
known to anatomists^ since the time of Malpiohi^ by the various names of 
acinic lobules^ corpuscula, glandalar grains and granulations^ were discovered 
by Wbpfbr in the liver of the pig about two years before the appearance of 
Malpighi's celebrated work De Viscerum Structure. Exercitatio Anatomica. 
Wbpfbr contented himself with indicating the existence of the lobules in one 
animal*. Malpighi^ unacquainted^ as it would appear^ with Wbpfbr's disco- 
very^ commenced his researches on the lower animals^ and pursuing them 
through every class^ ascertained that a similar arrangement of structure ex- 
isted in all. In shell-fish^ he says^f*^ the lobules resemble bunches of grapes, 
and are composed of small conglobate bodies, like grape-stones, which are con- 
nected together by means of central vessels. He observed a similar conforma- 
tion in lizards, in which animals the edges and interstices of the lobules are 
denoted by dark points. After describing the liver of the ferret, mouse, squir- 
rel .and ox, he informs us that the human liver also is composed of lobules, 
which represent a congeries of clusters, and may be rendered apparent by boil- 

* I have not been able to find Wepfbr's Work : his words, as quoted by Malpighx, Opera Post- 
hiima,p.32, Londinil697, and by Postal, ICstoirederAnatomie, tom.iii.p.243, are — ^"Expendaseuge 
bepar suilhim coctum : invenies detract^ extimA membranft, totam et vastem banc molem, quasi ex 
innumeris glanduEs oombinatam. In aliis jecoribus, fateor, nondum observavi : sed firacto suillo bene 
cocto vidi glandulas quadrangulares, aliterque ratione figure a£Fectas. Perlectis Clarissimi Nicolai 
Stbkonis observationibus cogitavi, quia et hepar quasi conglomerata est, an fort^ hepatis officium foret 
lympbam suo modo prseparare ad usus corporis utiles, eamque juxta bilem secemere ?"— De Dubiis 
Anatomids, Epistola ad Jacob. Hbn. Pavlux. Norimberg 1664. 
t De Hepate, cap. 2. 
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ing the organ and taking off its external coat. The lobules^ he says^ are ap- 
pended to the extremities of the vessels contained in Glisson's capsule^ and are 
invested in membranous tunics connected together by transverse bands, lliey 
vary in form in different animals : in fishes they resemble the leaf of the trefoil ; 
in some animals they are pisiform ; in the cat they have six or more sides; and 
they assume the hexagonal form in the human liver. Biliary calculi found in 
the liver were thought by Malpighi to be petrified lobules. Respecting the 
structure of the lobules, Malpighi informs us, that the glandular acini of which 
these bodies are composed have six or more sides ; that they are connected by 
their vessels and bound together by proper membranes^ the interstices be- 
tween them being very apparent in the lower animals and in fishes, but obscure 
in the higher animals. Malpighi, having thus convinced himself of the exist- 
ence of gl^idular acini in the liver, similar to those already known in the pan- 
creas and thymus, classed this organ among the conglomerate glands'^; but as 
he gave no representations by plates of the important discoveries he made, 
some difficulty has been experienced in understanding his descriptions^. Thus, 
he speaks of two kinds of bodied, of lobules and of acini: anatomists :{;, however, 
having used these terms indifferently to designate the same objects, have not 
understood them in the sense in which they were employed by Malpighi. 
Malpighi's discoveries in the anatomy of the liver are almost confined to the 
ascertaining its lobulated structure : he was unacquainted with the form of the 
lobules, with their peculiar arrangement around the hepatic veins, and with the 
manner in which the vessels are distributed ; nor has much light been thrown 
on these points by the researches of more modem anatomists, although vei*y 
considerable additions have been lately made to our knowledge of the ultimate 

* De Hepate, cap. 3. 

t The lobules, and acini, as described by Malpighi, have been delineated by Masgaqni, Prodromo 
della grande Anatomia» tab. vi. figg. 13, 14, 17. lliey have been also represented by Bidloo, Ana- 
tomia Corporis Humani, tab, 38. ^. 1. The same figure will be found in Cowpbr's Anatomy of Hu- 
mane Bodies. 

} " On peut donner le nom de lobules (acifd) aux petits amas de substance m^duUaire et de sub- 
stance corticale r^unies." — Mbckbl, Anatomie G6n6rale Descriptive et Pathelogique, tom. iii, p. 453. 

" M. Fbbbbin a trouv^ dans chaque grain ou lobule du foye deux substances diff^^rentes." — ^M^- 
moires de TAcad^mie Royale des Sciences, Histoire. 1733. Scbhkbbbino also, in speaking of the lo- 
bules, calls them acini. 
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Structure of the liver and of other glands by the important discoveries of 

The following pages contain an account of my own investigations of the 
structure of this organ. The description I propose to give will embrace, 
1st, that of the lobules, the manner of their arrangement, their connexions 
with each other and with the vessels ; 2ndly, the surfaces of the .liver and the 
distribntion of the vessels ; and Srdly, the structure of the lobules. 

Of the Lohules. — ^The hepatic veins with the lobules present a tolerably 
accurate resemblance to the trunk, branches and leaves of a tree. (Plate XX. 
fig. 1.) The lobules may be compared to the leaves. The substance of the 
lobules is arranged around the. minute branches of the veins in a manner which 
may be compared to the jdisposition of the parenchyma of a leaf around its 
fibres. The vessels in which the minute veins terminate may be compared to 
the branches of the tree, and these vessels by their junction form the trunks. 
The hepatic veins may be divided into two classes ; into those veins contained 
in the lobules, and those contained in canals formed by the lobules. The first 
class is composed of the intralobular branches, one of which occupies the 
centre of each lobule, and receives the blood from a plexus formed in the 
lobule by the portal vein. (Plate XX. fig. 2, a.) The second class of hepatic 
veins is composed of all l^ose vessels contained in canals formed by the lobules. 
Numerous small branches, as well as the large trunks which terminate in the 
inferior cava, are included in this class ; they all resemble each other in being 
contained in canals, and they differ from the vessels of the. first class which are 
contained in the lobules. The intralobular veins teiminate in some of these 
vessels, and not in others ; these vessels therefore adnvit of being divided into 
two sets ; 1st, those in which the intralobular branches terminate (Plate XX. 
fig. 2, h.) ; 2nd, those in which no intralobular branches terminate (Plate XX. 
fig. 2, c). The lobules are arranged around the veins composing the first set, 
the bases of these bodies resting upon them ; they may be called the sublobular- 
hepatic veins, this term being applied to them merely to distinguish them 
from the trunks which compose the second set, and on which the bases of the 
lobules do not rest. The branches of the second set are formed by the junc- 

* De (jlandularum secementium Structure penitiori earumque prim& Formatione in Homine atque 
in AnimaUbus. Lipsin 1 830. 
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tion of those of the first ; the canals containing the former differ in the manner 
of their formation from those containing the latter. Every branch of the 
hepatic veins contained in the liver belongs to one of these two classes of 
vessels. 

Each intralobular vein is composed of a central vessel^ and of from four to 
six or eight smaller vessels^ which terminate in the central vessel. (Plate XX. 
fig. 3, e.f.) The intralobular veins invariably correspond in form with the lo- 
bules, the substance of which is arranged around them ; and as these vessels re- 
semble in some degree the fibres of a leaf, so sections of the lobules made in the 
direction of the vessels assume a more or less foliated appearance. (Plate XX. 
fig. 3, b.) The lobules are not, however, flattened bodies like leaves ; for, as 
the smaller veins enter the central vein in every direction, so small processes 
project in every direction from the lobules, the number of processes being 
equal to the number of veins terminating in the central .vein. The form of 
the lobules will be now easily understood ; their dimensions are known to all 
anatomists. They are small bodies, arranged in close contact around the 
sublobular-hepatic veins, each presenting two surfaces. One surface of every 
lobule, which may be called its base, rests upon a sublobular vein, to which 
it is connected by the intralobular vein running through its centre, the base 
of the lobule thus entering into the formation of the canal in which the sub- 
lobular vein is contained. (Plate XX. figg. 3. and 4, c.) The canals containing 
the hepatic veins may be called the hepatic-venous canals or surfaces ; and as 
the base of every lobule rests on a sublobular vein, it is evident that the 
canals containing these veins are formed by the bases of all the lobules of the 
liver. (Plate XX. fig. 4, h.) The external or capsular surface of every lobule 
(Plate XX. figg. 3. and 4, rf.) is covered by an expansion of Glisson*s capsule, 
by which it is connected to, and separated from, the contiguous lobules^ and 
in which branches of the hepatic duct, portal vein and hepatic artery ramify. 
All the lobules resemble each other in their general form, and they are all of 
nearly equal dimensions ; they appear larger when the section is made in the 
direction of the hepatic veins, and smaller when in the transverse direction. 
This is most apparent in that state of the liver usually called the nutmeg liver. 
In a longitudinal section of a lobule, the intralobular vein is seen running 
through its centre ; and if on the surface of the section five of the projecting 
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processes of the lobule be seen^ five smaller veins will also be seeii^ Onfe occu- 
pying the centre of each process^ and all terminating in the central vein. 
(Plate XX. figg* 8. and 4,/.) In a transverse section of a lobule^ the divided 
extremity of the intralobulai* vein is seen in the centre, and three or four pro* 
cesses of the lobule are seen shooting out in different directions. (Plate XX. 
fig. 6.) The vein being thus always situated in the centre, it sometimes hap- 
pens that on the surfiice of a section of the liver, veins are seen in some lobules 
and not in others; this appearance is caused by the instrument, which, passing 
obliquely through these lobules, divides some vessels, which thus become appa^ 
rent, and passes either above or below others. 

The superficial differ in one respect from the internal lobules. In the latter, 
the intralobular veins commence at a certain distance from the surfaces of these 
bodies, the substance of which completely smTounds them, except at the bases 
of the lobules, where the veins make their exit to terminate in the sublobular 
veins. (Plate XX. fig. 6, c.) By superficial lobules are meant, not those only 
which form the convex and concave surfaces, but those also the capsular sur* 
faces of which form the canals containing certain branches of the hepatic duct, 
portal vein, and hepatic artery, and the canals containing the trunks of the he- 
patic veins, all these canals being tubular inflections inwards of the superficies 
of the liver. In all the superficial lobules, the intralobular veins conunence 
immediately at the surfaces ; these lobules appearing less perfect in form, or 
less developed, than those of the interior, or as if their upper portions had been 
removed, giving to the surfaces of the organ the appearance of the surface of a 
section. (Plate XX. fig. 5, d.) The knowledge of this peculiar form of the su^ 
perficial lobules enables us, in injecting the hepatic veins, to Umit the injection 
to this system of vessels, which is effected by withdrawing the syringe when the 
injection appears in minute points on the surface of the liver. If the injection 
be propelled from the hepatic veins into those portions of the lobular venous 
plexuses immediately surrounding the intralobular veins, the first stage of he- 
patic venous congestion will be simulated ; this is effected by withdrawing the 
syringe when the injection appears in small isolated patches on the surface. 
The next stage of congestion will be simulated by propelling the injection 
until the patches partially coalesce, and become continuous with each other ; 
and finally, the appearance of general congestion is produced when the injection 

MDCCCXXXIII. 4 z 
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passes into those branches of the portal vein which ramify in the interlobnlar 
fissures. Occasionally double lobules^ or lobules having two intralobular veins^ 
are observed on the surfece. (Plate XX. fig. 7*) 

Mascagni ^, adopting Malpighi's view of the arrangement of the lobules^ 
compares the liver to a bunch of grapes ; and this anatomist and Bidloo have 
represented the lobules appended to the extremities of the vena portse. As 
certain branches of this vein first ramify between the lobules^ and finally enter 
them^ these bodies may be represented as appended to its extremities : and al- 
though every lobule receives branches from this vein, yet a certain number only 
are clustered around its trunks, with which they have no immediate connexion; 
whereas the base of every lobule in the liver is in contact with, and connected 
to, an hepatic vein. 

The essential part of a gland is undoubtedly its duct ; vessels it possesses in 
common with every other organ ; and it may be thought that in the above 
description too much importance is attached to the hepatic veins : but rela- 
tions similar to those which exist between these veins and the lobules, do not 
exist between the latter and the ducts, or between them and any other set of 
vessels ; nor is there the same exact relation between the ducts and lobules 
as between these bodies and the hepatic veins, for a lobule with six projecting 
processes may have three times that number of ducts ramifying on its external 
surface, whereas the same lobule will have but six minute veins, one in each 
process, all of which terminate in the central intralobular vein. 

The foliated appearances delineated by Muller ^, resemble very closely the 
lobules as I have described them ; but they are not lobules, nor are they de- 
scribed as such by this anatomist. The figure representing the structure of 
the liver of the squiiTcl resembles longitudinal sections of lobules in some 
parts, and transverse sections in other parts. Vessels similar in their course to 
the intralobular branches of the hepatic veins are seen in this figure ; but the 
vessels here represented are interlobular branches of the portal vein ; and had 
the duct and artery been injected, small branches of these vessels also would 
have been seen accompanying the branches of the vein. The vein is seen occu- 
pying a fissure, which at intervals is dilated into spaces ; these, as will be shown, 
are the interstices between the lobules. In those parts of the same figure which 
♦ Prodiomo, p. 142. tab. vi. fig. 17. t Op. cit. tab. xi. figg. 8, 9, 11. 
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resemble transverse sections of lobules, the central dark spot is an interlobular 
space, occupied by branches of the duct, portal vein and hepatic artery. Had 
the animal died from hemorrhage, or had the portal vein and hepatic artery 
been tied in the living animal, so as to deprive the liver of its blood, no such 
appearances would have presented themselves, the arrangement of the struc- 
ture of the liver in this, and in all the vertebrated animals, being much alike. 
I have preparations accurately exhibiting these appearances, which very com- 
monly present themselves in the human liver, as well as in the liver of animals, 
and are produced by congestion, principally of the hepatic veins, the lobules 
being also congested except at their opposed margins. The same remarks 
apply to the delineations given by this anatomist of the liver of the quail, and 
to that of a portion of the human liver. 

Of the Surfaces of the Liver. — ^The surfaces of the liver are, 1st, the external 
surface ; 2ndly, the portal surfoces or canals, at which the vessels enter the 
organ; 3rdly, the hepatic-venous surfaces or canals, at which the vessels 
make their exit. 

Of the External Surface. — ^Examined on the external surface of the liver, 
the lobules present every variety of form ; but in one subject they may all be 
more or less angular, and in another rounded. They are separated from each 
other by fissures, which, at the angles of the lobules, dilate into small trian- 
gular spaces ; they may be called the interlobular fissures and spaces ; they con- 
tain the interlobular branches of the portal vein, hepatic artery and hepatic duct, 
ramifying in a fine cellular tissue continuous with Glisson's capsule, which, with 
the vessels, constitutes the capsules of the lobules. (Plate XXI. fig. 1, 6 and c.) 
The fissures and spaces were known to Malpiohi : he was of opinion that by 
their means the liver is rendered flexible, and he tells us they are large in 
fishes, ^^ qui flexuosfe incedunt.'* He also informs us that the fissures were known 
to his predecessor Cortesius*, to FfiRNEuus^f*, to Glisson;};, and others. 

* *' Hie enim foramina qusedam, sea rimulaB in jecoris came deprehendit." — ^De Hepate, cap. 2. 

t " Feknelius lunulas in hepatb parenchymate observavit." — lb. 

} Glissok appears to allude to the clefts so frequently seen on the surface of the liver, and not to 
the interlobular fissures. ** Vidi aliquando in gibba quorumdam jednorum parte rimaa et hiatus ma- 
jusculos qui fort^ it partium extremarum violentiore complicatione ortum duxerant : quemadmodum et 
panis frustrum nimi& incurvalione diffringitur." — ^Anatomia Hepatis, cap. 9. 

4z2 
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Mappes * has described the fissures and spaces; but this anatomist is mistaken 
in supposing that some of them contain hepatic veins alone^ and that others 
contain hepatic veins^ arteries and ducts. When there is but little cellular 
tissue in the capsules^ the lobules are closely compacted together ; they are 
therefore angular in form, and the fissures and spaces are less apparent. 
(Plate XXI. fig. 1.) Hence it is that these bodies have been described as having 
six or more sides by Malpighi, Scemmerring ^, and others. But when the cel- 
lular tissue composing the capsules is more abundant, the fissures, and parti- 
cularly the spaces containing it, are wider and more apparent ; the lobules are 
less closely connected, they touch each other by two or three points only, and 
consequently approach moreorless to the circular or oval form. (PlateXXI. fig. 2.) 
Hence they have been described as, and present very much the appearance of, 
convolutions and undulating bands :{;. They are generally angular where they 
are most numerous, as in the thickest part of the liver; in these parts also they 
appear smaller, for being arranged vertically to the surface, their extremities 
alone are seen. At the edges of the liver, where they are fewer in number and 
less closely connected, they are rounded; and lying in an oblique or parallel 
direction to the sm*face, they appear larger. They are more angular in children 
than in adults : in some animals, as in the cat, they are always more angular 
than in others, as in the rabbit, hare and sheep ; their angular or rounded form 
always depending on the quantity of cellular tissue composing Glisson*s cap- 
sule. They appear smaller, are more equal in size and regular in form on the 
convex than on the concave surface of the liver, where they are arranged ob- 
liquely, the hepatic veins for the most part running nearer to this surface. 



* " Au milieu de toutes les circonvolutions de cette substance (la substance jaune) se trouvent la 
plupart du temps des ouvertures triangulaires, ou un peu frang6es, qui communiquent les unes avec 
les autres par de petites fentes." — ^Quelques Considerations sur la Structure du Foie« — Journal Com- 
pl^mentaire des Sciences M^dicales, torn. xii. p. 223. 

t " Idem, si in superfide aut in plag& aliqu^ dissect^ attentiUs consideraveris, ex acinis parvis 
quodammodo triquetris, tetragonis, pentagonis, hexagonis ac multangulis compositum videtur." — 
De Corporis Humani Fabric^, vol. vi. p. 175. 

X " L'une de ces substances, qu'on peut appeler granul^e (m^dullaire suivant Autbniubth), forme des 
circonvolutions, tantdt semblables k celles des intestins, tant6t rameuses, plates et arrondies." — ^Mappbs, 
loc. cit. 
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An intralobular hepatic vein occupies the centre of each superficial lobule *• 
If the extremity alone of a lobule reach the surface, a mere point will be seen 
in its centre ; if a greater portion of the lobule be seen, two or three dark lines 
will be observed uniting together at a dark point ; this point is the central in- 
tralobular vein in which the smaller veins terminate. (Plate XXI. fig. 1, d and e.) 
Frequently, lobules with eight or ten projecting processes are found on the sur- 
fisice, each process sending a vein to the intralobular vein running through the 
centre. It is evident that these superficial lobules are less perfect in form 
or less developed than the internal lobules, in which the veins are wholly sur- 
rounded by the substance (Plate XX. fig. 5, d.) ; and that a superficial lobule 
with eight or ten processes is, accurately speaking, half a lobule lying parallel 
to the surface. Lobules lying parallel to the surface may be always seen on 
the under and posterior part of the left lobe ; such lobules are larger and more 
numerous in the liver of the sheep, rabbit, hare and squirrel than in the human 
liver. (Plate XX. fig. 1.) A striking difference will be observed if, in the liver 
of the sheep, these parallel lobules on the posterior part of the concave surface 
be contrasted with those forming the lobulus Spigelii. The difference between 
the superficial and internal lobules is satisfactorily proved by injections. If the 
hepatic veins be injected with blue size, and the portal vein with red, the blue 
will be found on the surfiice of every section, in the centres of the lobules, se- 
parated by the substance of these bodies from the portal veins occupying the 
interlobular fissures. If these lobules were, like those of the surfaces, perfo- 
rated from one extremity to the other by the intralobular veins, the blue and 
red injection, or the intralobular hepatic veins and the interlobular portal 

* These vessels, Mrhich are not mentioned by Rutsch, Haller, Mobgagki, Fbbrbin, or by any other 
anatomist with whose works I am acquainted, did not escape the observation of Malpiohi. " Ad sin- 
golos autem hosque minimos lobulos, proilt experiri licet, et ex pluribus etiam colligere, multipllces 
vasorom rami derivantur ; nam surculi venae cavs, et ports, porique bUiarii indeficienter per totum he- 
patis corpus ramificantur, ut luculenter etiam Glissonius, in nondum satis laudato hepatis opere nobis 
indicat, et sanguineum vas in lobulis extimam hepatb superficiem constituentibus, ^ centra efusdem 
ervmpem, hinc inde ramificatur per totam periferiam bifidos promens ramos, k quo totus lobulus irri- 
gatur." — De Hepate, cap. 2. And in his Opera Posthuma, p. 30, after speaking of the lobules, he 
says, " In horum centro scissura excitato sanguineo vasi extra erumpenti aditum preebet, quod in con- 
tiguas minimas glandulas, quibus lobuli quique integrantur, extremis finibus propagatur." It appears, 
however, that Malpighi mistook these branches of the hepatic vein for branches of the portal vein, 
and that he was acquainted with them in the superficial lobules only. 
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veins^ would^ in some places at leasts be seen in contact^ which is never the 
case. 

The veins and fissures cannot be always seen without the aid of a magni- 
fying glass ; slight pressure, however, by which the blood is propelled into 
them, will generally make them visible. They may be always seen after a few 
hours maceration in water, or they may be shown by mercurial or size injec- 
tions. For this purpose a liver containing the smallest quantity of blood 
should be chosen ; and on this account the liver of the sheep is preferable to 
the human liver, the latter being generally in a state of congestion. The vena 
cava should be opened at its posterior part, and the mercury should be poured 
from a quill into the hepatic vein of the lobulus Spigelii. With slight pressure 
the mercury will appear in the centres of the lobules, in the form of lines, stellse 
or points, surrounded by what has been called the red substance of the liver. 
If the liver contain much blood, the experiment may not succeed, for the blood 
will be propelled to the surfiEtce, and the vessels within the lobules will be no 
longer distinguishable from those between them. If the pressure be discon- 
tinued, the elasticity of the vessels will cause the mercury to retreat from the 
surface ; if the pressure be renewed and slightly increased, the mercury will 
pass from the intralobular branches of the hepatic vein into the interlobular 
branches of the portal vein, and will be seen in the centre and at the circum- 
ference of every lobule. If the mercury be thrown into a branch of the portal 
vein, it will appear in the interlobular branches situated in the fissures and 
spaces. In the portal veins, which ramify in the cellulo-vascular capsules of 
the lobules, the mercury will have a dull appearance ; it will be of its usual 
brilliancy in the intralobular veins, which, contained within the lobules, have 
no cellular tissue surrounding them. 
^ Of the Portal Canals. — ^These canals commence at the transverse fissure, 

where they are continuous with the concave sur£Eice of the liver ; they contain 
the hepatic ducts, the portal veins, the hepatic arteries, and the vaginal branches 
of all these vessels, with the nerves and absorbents, enveloped in a sheath of 
cellular tissue, first described by Glisson, and called Glisson*s Capsule ^. If 

* The right edge of the lesser omentum is usually called Glisson's Capsule in this country. Glib* 
I soK, after describing the suspensory ligament, says, " Ldgamentum hoc non soliun eztimse hepatis 
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OP THE LIVER. 721 

a longitudinal section of one of these canals be made^ and the contents be dis- 
sected out^ lobules^ spaces and fissures will be seen^ arranged in a precisely 
similar manner to those already described on the external surface. The lobules 
forming the parietes of the canals are similar to those of the surface, being, 
like them, perforated by the intralobular veins: they may be called the portal 
canals or surfaces, the portal vein being the largest vessel contained in them. 
(Plate XXII. fig. 1, a.) These canals, and those containing the large hepatic 
trunks, are formed by the capsular surfaces of a limited number of lobules ; the 
canals containing the sublobular-hepatic veins are formed by the bases of all 
the lobules. 

Glisson*s capsule has attracted much of the attention of anatomists. It was 
known to Waleus'"' before it was described by Gusson; to the latter ana- 
tomist, however, who has given a detailed account of it, it owes all its celebrity. 
He describes it as a prolongation of the suspensory ligament, which enters the 
liver for the purpose of supporting its weight -f* ; he says it arises firom the pe- 
ritoneum, and is of a particular structure:!:; he considers it as the muscular 
coat of the portal vein, by which the blood is propelled through the liver §. 
Glisson supports his opinions respecting the structure and functions of the 
capsule with much ingenuity ; they were admitted by Malpighi ||, were, ac- 
cording to Hallbr % strongly advocated by Po^zi, and generally adopted by 
anatomists until their fallacy was exposed by Fanton** and others. HAixER'f'f' 
and Sabatibr:[::|: considered the capsule as a prolongation of the cellular tissue 

membraiise affigitor, sed etiam parenchyma ejus penetntt, et oommuni Taginae sive involncro rami venae 
portse (quit vena mnbilicalis eidem oontinua est) valid^ adn^ctitur." — ^Anatomia Hepatas, cap. 2. 

* " Jmb in ipso hepate, tot rami arteriae sunt, quot sunt rami yenae portaa, et totidem quoque sunt 
rami ductus cbolidochi. Quae omnia hactenus ab anatomicis pro renis portse habitae sunt, qu6d com- 
mimi tunica tria ilia yasorum genera in hepate indndantur." — Jos. Walbus, De Motu Ghyli et San- 
goims, ad T. Babthouhuk Epistola Secunda : 1640. 

t Op. cit. cap. 2. t Md. cap. 2S. $ Ibid. cap. 42. || De Hepate, cap. 2. 

% " JosEPHTTS Pozzi iu Commcntariolo Epistolico pro glandulis bepatis, et Glissonianae capsulae 
carneis fibris, pugnat." — ^Metbodus Studii Medici, vol. i. p. 373. 

** Brevis Manuductio ad Historiam Anatomicam Corporis Humani, p. 109 : Taurini 1699. — Dw- 
sertattones Anatomicae, p. 135 : 1701. Hallbb says, « G. Cowpbbus, capsukun Glissonii primus, ni 
&llor, demonstrayit parvi momenti esse.'* — Methodiu Studii. 

tt " Nempe vena portarum multam ceUulosam telam ex meaenterio et liene secum adfert." — Ele< 
menta Fbysiologiae, toI. vi. lib. 23. 

tt Traits d'Anatomie, torn. iii. p. 350. 
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which siirrounds the vessels in the mesentery and lesser dmentnin. Laennbc*^ 
after describing the proper capsule of the liver, which had been previously de- 
scribed by Sabatier^ and Scemmerring ^y the latter of whom calls it the mem- 
hrana ceUuhsa hepatis, says, that this membrane, having covered the surfaces, 
enters the tissue of the liver, furnishing sheaths to all the vessels distributed to 
it, one of which, common to the vena portce, biliary ducts and hepatic artery, 
constitutes Glisson*s capsule. The capsule, he continues, is intimately con- 
nected with the substance of the liver, and is separated from the vessels by a 
loose and abundant cellular tissue, which is continuous with that surrounding 
the sinus of the vena portse in the transverse fissure, and is connected with that 
of the mesentery ; it is also continuous with that which connects the proper 
capsule with the peritoneum. Laenneo is of opinion that Glisson*s capsule 
allows the portal vein to yield and accommodate itself to the increased quan- 
tity of blood circulating through it during digestion. If it be true that more 
blood circulates through the liver during this period than at any other, which 
is denied by Bichat ^, yet Laenneo*s explanations of the function of the cap- 
sule cannot be admitted, for the hepatic veins would be equally subject with 
the portal vein to these variations in the circulation ; the former vessels are, 
nevertheless, firmly connected to the substance of the liver, having no sheath 
of cellular tissue around them. 

The cellular tissue of Glisson*s capsule is undoubtedly continuous with that 
of the proper capsule of Laennec, and with the cellular tissue which surrounds 
the abdominal vena portse, as described by Hajllbr and Sabatier ; but, as 
M. Roux II observes, ^^ il faut admettre quelque chose de plus dans ce qu*on 
nomme capsule de Glisson^ puisqu*elle est tellement dispos^e que les vaisseaux 
qu*elle enveloppe sont IS^chement unis k la substance du foie.** Glisson*s cap- 
sule is not mere cellular tissue : it is to the liver what the pia mater is to the 
brain ; it is a cellulo-vascular membrane, in which the vessels divide and sub- 
divide to an extreme degree of minuteness; which lines the portal canals, form- 
ing sheaths for the larger vessels contained in them, and a web in which the 

* Labknbg, Lettre sur des Tuniques qui emreloppent certains Viac^rea,— Journal de M^edne, 
par CoBTisABT, torn. v. p. 539. 

t Traits d'Anatomie, torn. ii. p. 345 : 1791. % De Cdrporis Humani Fabric&, vol. vi. p. 168. 
§ Anatomie G6n6rale, torn. ii. p. 248« I Bichat, Anatomie Deacriptiye, torn. v. p. 98. 
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smaller vessels ramify; which enters the interlobular fissures^ and^ with the ves- 
sels^ forms the capsules of the lobules ; and which finally enters the lobules, and, 
with the blood-vessels, expands itself over the secreting biliary ducts. Hence 
arises a natural division of the capsule into three portions, a vaginal, an inter- 
lobular, and a lobular portion ; and as the vessels ramify in the capsule, their 
branches admit of a similar division. 

At the transverse fissure, the duct, vein and artery divide into branches, 
which enter the portal canals. These branches divide and subdivide into smaller 
branches, which enter smaller canals, and every canal, however small, contains 
one principal branch of each of these vessels ; frequently, however, two ducts 
and two arteries are contained in the same canal. To these larger vessels the 
terms of hepatic ducts, portal veins and hepatic arteries may be confined, in 
order to distinguish them from the branches. 

The excreting ducts are composed of the hepatic ducts, contained in the 
canals, of their vaginal branches, also contained in the canals, and of the inter- 
lobular branches, which, arising from the vaginal branches, ramify in the in- 
terlobular fissures. The interlobular ducts enter the lobules, in which they 
form plexuses. These plexuses may be called the lobular biliary, or secreting 
biliary plexuses, the ducts composing them being the secreting organs of the 
bile. The excreting ducts and their branches are invariably accompanied by 
the arteries and portal veins and their branches, the former conveying blood 
to their coats, the latter conveying it from them ; a duct is never unaccompa- 
nied by an artery and vein, the vein being always a branch of the portal vein. 
The veins and arteries also enter the lobules. The veins form plexuses, the 
branches of which terminate in the intralobular hepatic veins; from the blood 
circulating through the plexuses, the bile is secreted. The lobular arteries are 
exceedingly minute, and few in number; they are the nutrient vessels of the 
lobules, and probably terminate in the plexuses formed by the portal vein. From 
the ducts, veins and arteries, therefore, three sets of branches arise, namely, 
the vaginal, the interlobular, and the lobular branches. 

Of the Vaginal Portion of OUssovis Capsule and of its Vessels. — ^A branch of 
each vessel, centred in a portal canal, makes its exit from the canal at each 
interlobular space on its surface. The lobules being small bodies, the interlo- 
bular spaces are necessarily numerous and close together. The hepatic duct 
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and artery running together on one side of the canal^ or winding spirally 
within it, are in apposition with but a very limited number of spaces ; the two 
vessels are, however, brought into apposition with all the spai;es by means of 
plexuses, from which the interlobular branches arise. (Plate XXI. fig. 5,yi k.) 
The porta] vein also forms a plexus, being separated from the spaces by the 
duct and artery and their plexuses. (Plate XXI. fig. 6, d.) The branches form- 
ing these plexuses are the first which arise from the duct, artery and vein ; 
they form a vascular sheath around these vessels, and may be called their va- 
ginal branches ; they ramify in a loose and fine cellular tissue, which, with 
them, constitutes the vaginal portion of Glisson*s capsule. (Plate XXI. fig. 5,j\) 
lliis cellular tissue is continuous with that surrounding the vessels in the right 
edge of the lesser omentum, and with that of the proper capsule of Laennec. 
The internal surface of the cellulo-vascular sheath is in contact with the three 
principal vessels, and is composed of the largest branches arising from them. 
Its external surface is in contact with the parietes of the canal, and is com- 
posed of the smallest branches; these branches form a reticulated plexus, from 
which the interlobular branches shoot out, and entering every interlobular 
space, ramify between the lobules. (Plate XXI. fig. 5, i.) In the smaller canals, 
the fissures and spaces being less numerous, and the plexuses formed by the 
duct and artery being consequently less complicated, a great portion of the 
portal vein is in contact with the parietes of the canal. In these canals many 
of the interlobular veins arise immediately from the trunks, vaginal branches 
being given off, and forming a plexus, on that side only of the canal occupied 
by the duct and artery. In these canals we find the capsule, the essential part 
of which is the plexus, only on that side which is occupied by the duct and 
artery, the vein being in contact on the opposite side with the parietes of the 
canal. In the larger canals, in which the lobules and spaces are more nu- 
merous, and the plexuses necessarily more complicated, the sheath completely 
surrounds the three vessels. These two modes of arrangement of the capsule 
may be ascertained by making transverse sections of canals of different calibre. 
In a small canal in which the capsule is found only on that side occupied by 
the duct and artery, the portal vein should be laid open, and its internal sur- 
face examined. The fissures and lobules will be seen through the transparent 
coats of the vein on that side on which there is no capsule, and on the internal 
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surface of the vein numerous minute orifices will be observed, corresponding 
exactly to the interlobular spaces. These orifices are the mouths of interlobu^ 
lar veins, which enter the spaces without contributing to the formation of the 
plexus. (Plate XXI. fig. 6, b. Plate XXII. fig. 1, c.) A few larger orifices, not 
corresponding to the spaces, will also be seen : these are the mouths of vagi- 
nal branches, which divide in the canal into two, three, or more interlobular 
branches, and thus contribute partially to form the plexus. (Plate XXII. fig. 1, d.) 
On that side of the vein which is in contact with the artery and duct, and 
separated by them from the spaces, the orifices are larger and less numerous ; 
these are the mouths of vaginal branches, which, ramifying in the canal, ter- 
minate in interlobular branches, which enter those spaces covered by the duct 
and artery. (Plate XXI. fig. 6, c. Plate XXII. fig. 1,/.) 

From the above description it is evident that GIi^on*s capsule is a cellulo- 
vascular membrane, composed of the vaginal branches of the duct, vein and 
artery, ramifying in a layer of cellular tissue. Its existence around the three 
vessels in the larger canals, in which the vaginal plexus is most complicated ; 
its existence on that side only of the smaller canals occupied by the duct and 
artery, and its almost total absence on the opposite side, sufiiciently prove that 
by its means the three vessels are brought into apposition with all the interlo* 
bular spaces on the surfaces of the canals. The vaginal vessels are best seen 
by making longitudinal sections of canals, and dissecting out the three large 
vessels after having injected them. The mouths of the interlobular branches 
' arising from the smaller portal veins may be shown by opening a vessel and 
removing the injection carefully from the trunk, leaving it in the branches. 
The internal surfaces of the ducts and arteries exhibit no orifices of interlobu- 
lar branches, these branches always arising from the plexus which each duct 
and artery, however small, forms in the canal in which it is contained. The 
portal vein, like other vessels, occasionally varies in the manner in which it 
gives off its branches ; thus, even in the smallest 6anals, it frequently happens 
that the three vessels are surrounded by the capsule. In this case the vein 
gives off vaginal branches only, and no interlobular branches, all the latter 
arising from the former. 

The first vaginal branches of the ducts arise at nearly right angles with the 
trunks; they run in a transverse direction within the inner surface of the canal, 
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and terminate in branches which correspond to, and lie on, the fissures. Each 
transverse branch gives off one or two branches which ramify in the direction 
of the trunk, and one or two recurrent branches. All these branches run in 
the direction of the fissures, forming angles at the spaces over which they pass. 
At each angle a smaller branch is given off, which runs on a fissure leading 
from the space over which the angle in the vessel is formed. Thus, if the 
vessels be well injected, ^1 the fissures and spaces will be covered by small 
ducts, which form a network of vessels corresponding in form to the fissures 
on which they lie. The transverse branches, and those which arise immedi- 
ately from them, do not anastomose with each other, but the smaller branches 
sometinies appear to do so ; I cannot, however, from dissection, affirm that 
they do, for those which appear .to anastomose are exceedingly small vessels, 
and meet each other at the spaces ;* hence it is difficult to ascertain whether 
they really anastomose, or enter the spaces together without anastomosing. 
From the vaginal ducts spread over the surface of the canal, lobular and 
interlobular ducts arise ; the former enter the lobules on the parietes of the 
canals ; the latter leave the canals at the spaces to ramify between the lobules, 
which they finally enter. (Plate XXII. figg. 3. and 4.) The vaginal ducts are 
sometimes very tortuous in their course. 

The coats of the ducts are highly vascular ; the rugae on their internal sur- 
face, and those on the internal surface of the gall-bladder, are formed by the 
ramifications of the larger blood-vessels, arteries as well as veins, covered by 
the mucous membrane, lliis membrane is studded with vascular papillae, 
which become remarkably developed in the diseased ducts so frequently found 
in sheep and oxen. The smaller ducts are furnished with papillae only, and to 
the rupture of the delicate vessels forming these papillae is to be attributed the 
facility with which S<emmbrring and other anatomists injected the ducts from 
the arteries and veins, and not to any direct communication between the vessels 
and the ducts. This point has been particularly insisted upon by Muller, who, 
in speaking of Waltbr^s experiments, says, ^^ Itaque si in Walteri expenmentis 
massa interdum ex vasis sanguiferis in ductum hepaticum transiit, certe non per 
minimos ductus biliferos transiit, sed in truncos ipsos ex vasculis sanguiferis 
erupit*.** Mappes imagines that the hepatic artery is principally destined to 

* Op. cit., p, 83. 
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supply the coats of the portal vein with blood : this is so far from being the case^ 
that when the arteries are well injected, the larger ducts, from the extreme vas- 
cularity of their coats, may be mistaken for the injected arteries, whilst; in the 
coats of the vein, no vessels will be detected without the aid of the magnifying 
glass*. The coats of the ducts may be as highly injected from the portal vein 
as from the hepatic artery; but they cannot be injected from the hepatic veins, 
if the injection is confined to these vessels, and does not return by the portal 
vein. Mappes could not inject the ducts from the portal or hepatic vein; he is 
nevertheless of opinion, ^^ que la bile est tir^e plutdt du sang d£j& parvenu dans 
cette veine (la veine h^patique) que de celui qui se trouve encore dans les demi- 
^res extr^mit^s de la veine porte.** The ducts cannot be injected in a direct man- 
ner from the hepatic vein, no branches of this vein ramifying in their coats ; 
fluid may indeed be made to pass from this vein into the ducts, but onfy 
through the medium of those branches of the portal vein which ramify in the 
coats of the ducts^. The ducts are injected from the portal vein and from the 
hepatic artery in the same manner as the foetal intestine is frequently filled 
with injection from the umbilical vein or aorta, viz. by the rupture of the 
minute vessels of the mucous membrane. Hence it is evident that the ducts, 
so far as they have been yet traced, are abundantly supplied with arterial 
blood ; that this blood returns into the branches of the portal, and not into 
those of the hepatic veins ; and that the hepatic port^ vein has branches of 
origin in the coats of the excreting ducts from the terminations of the hepatic 
artery, as the abdominal portal vein arises in the coats of the intestines, in the 
spleen and pancreas, from the arteries of these organs. 
From their extreme vascularity alone we might infer, that the ducts serve 

* Mappss probably saw the vaginal arteries, which ramify on the parietes of the canal previously to 
entering the interlobular spaces, through the transparent coats of the veins, and concluded that they 
were ramifying in the coats of these vessels ; or in making sections, this anatomist may have removed 
a portion of the parietes of a canal, leaving the arteries on the vein. 

t By examining the surface of the liver after injecting the hepatic veins, we may ascertain in which 
parts the coats of the. ducts are injected from these vessels, and in which they are not. If on one 
portion of the surface we see the interlobular portal veins injected from the hepatic veins, a few 
injected vessels will be found in the Qoats of the ducts of this part. In otiier parts of the liver, where 
the injection is confined to the centres of the lobules, and consequently to the hepatic veins, no injec* 
tion will be found in the coats of the ducts, although the injected hepatic veins will be seen tlirough 
them. 
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another purpose beside that of the conveyance of bile ; and ail anatomists are 
acquainted with the muciparous follicles of the lining membrane of their 
larger branches ; in the smaller branches, the existence of the follicles has been 
denied*. In the former, they are irregularly distributed oyer the surface ; in 
the latter, they are closely arranged in two longitudinal lines, occupying oppo- 
site sides of the ducts ; and, arranged in this manner, they will be found in the 
smallest duct thai can be examined. Mappes confounded the follicles with 
the orifices of vessels. Their number renders it probable that the fluid fur- 
nished by them serves another purpose beside that of rubricating the surfaces 
of the ducts "f*. Some estimate of the quantity of this fluid may be formed 
by examining the ducts, after having injected them with alcohol. These fol- 
licles are probably the secreting organs of all the mucus found in the bile. 
(Plate XXIIL fig. 1.) 

The vaginal ducts are accompanied by the vaginal arteries ; the latter, how- 
ever, are more or less tortuous in their course, the former generally proceeding 
in the shortest direction to their destinatioti. The vaginal arteries anastomose 
freely with each other, but their ramifications do not, like those of the ducts, 
correspond exactly to the fissures. If the left artery be injected in the trans- 
verse fissure, the injection will return by the right artery ; this communication 
takes place by means of vaginal branches which the left artery gives off in the 
fissure, and which anastomose with similar branches of the right artery. 

The vaginal branches of the vein anastomose with each other ; they form a 
much more complicated plexus in the human liver than in the liver of most 
animals, and on this account the cellular tissue of Glisson's capsule is more 
abundant in the former, and greater difliculty is experienced in examining the 
plexuses formed by the ducts and arteries. In the sheep, portal veins of con- 
siderable size resemble the smaller portal veins in the human subject, vaginal 
branches arising from them on that side only of the canal occupied by the 
duct and artery, and interlobular branches on the other side. On this side, 

* MscKBL, Op. dt., torn. iii. p. 455. 

t The internal snrfiBce of the pancreatic duct is studded ^th follicles similar to those of the hepatic 
ducts ; they assume no particular arrangement. They are numerous and very apparent in some sub- 
jects ; in others I have found no trace of them. The parotid and submaxillary ducts are not furnished 
with follicles. 
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therefore^ we find the cellular tissue in small quantity, no venous plexus being 
formed, and the injected vaginal ducts and arteries noay be seen without dis- 
section through the transparent coats of the vein. 

The nerves and deep-seated absorbents ramify in the portal canals ; I have 
not been able to trace them into the interlobular fissures. The absorbents may 
be always injected from the duct, and the bile is frequently propelled into the 
former vessels by injecting the latter. Mascagni * found that injection thrown 
into the ducts returned colourless by the absorbents. I have frequently made 
the same observation, but I have as frequently found the injection in the ab- 
sorbents of the same colour as that thrown into the duct, and have frequ^itly 
filled all the absorbents of the right edge of the lesser (Huentum with red size 
from the duct. In one instance, and in the only one in which the trial was 
made, the thoracic duct was injected with mercury from the hepatic duct. 
Lippi asserts that ^^ the lymphatics terminate not only, as has been hitherto 
supposed, in the thoracic duct and in the right subclavian vein, but that an 
infinite number of communications exist between the veins and lymphatics in 
other parts of the body^f-." Antommarchi:}; asserts that no such communica- 
tions take place ; and Lippf s opinions appear to have been satisfactorily re- 
futed by Panizza^. No absorbents accompany the hepatic veins, and it is not 
probable that any of the absorbents of the liver terminate in the branches of 
the portal vein, the fluids in these two systems of vessels proceeding in differ- 
ent directions. The superficial absorbents ramify in the proper capsule. After 
injecting these vessels, the peritoneal coat may be removed without injuring 
them ; or the peritoneal coat may be first removed, and the absorbents after- 
wards injected; and some few may be injected in the proper capsule after the 
separate removal of both. This can be done in the human subject and in the 
larger animals only, the proper capsule being of a much more delicate struc- 
ture, or probably not existing, in the smaller animals, in which the liver appears 
to have no superficial absorbents. Injection sometimes passes from the arteries 
and portal veins into the absorbents. 

Of the Interhhular Portion of GKsson^s Capsule and of its Vessels. — As the 
interlobular ducts, veins and arteries arise from the vaginal ducts^ veins and 

* Prodromo della Grande Anatomla, p. 141. t Illustrazioni del Sistema linfatico-chilifero, p. 10. 
J Journal Heb^omadaire, torn. iv. p. 214. § Annali Universali di Medicina, toI. Ivi. p. 225. 
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arteries, so the interlobular cellular tissue is continuous with the vaginal cel- 
lular tissue, the vessels and cellular tissue together constituting the interlo- 
bular portion of Glisson*s capsule, which occupies the fissures and forms the 
capsules of the lobules *. The interlobular vessels, at their origin from the 
vaginal vessels, enter the spaces ; in the spaces, therefore, we find the largest 
branches ; these divide into smaller branches, which ramify in the fissures. 

If the left hepatic duct be injected with size or mercury, the injection will 
return by the right duct, without extravasation and without passing into other 
vessels, and the injection will be fotmd in the interlobular and vaginal ducts 
as well as in the trunks. This commuiucation between the two ducts does not 
take place, like that which exists between the right and left arteries, through 
the medium of the vaginal branches of the transverse fissure, the injection be- 
ing found in interlobular branches arising from the right duct. From this 
experiment, which I have frequently repeated with the same result, it appears 
that the right and left duct anastomose with each other through the medium 
of the interlobular ducts. This experiment does not always succeed, which 
probably arises from the quantity of bile contained in the ducts. 

The interlobular branches of the portal vein cover, with their ramifications, 
the whole external surfeces of the lobules, with the exception of the bases of 
these bodies, and of those extremities of the superficial lobules which appear 
on the surfaces of the liver. The freest communications take place between 
these vessels ; when successfully injected, which can be done with size only, 
the interlobular fissures in which they are contained, whether examined on the 
surfaces of the liver, or on the surface of a section, are coloured with the in- 
jection. Mercury thrown into a large branch of the portal vein returns by 
other large branches. This communication takes place through the medium 
of the interlobular branches, for though the vaginal branches in the same canal 
anastomose freely with each other, yet those of one canal communicate with 
those of another through the medium of the intervening interlobular branches 
alone. The interlobular veins also form communications between the lobular 

* The interlobular portion of Olisson's capsule is thus accurately described by Malpighi : " Lo- 
bull hi proprii circumambiente membran& vestiuntur, et continuatiB per transversum membranosia 
nezibus finnantur* ita ut intermedia spatia, et rimuln, mininue tamen, inter lobuloruin latent emeigant." 
— ^De Hepate, cap. 2. 
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.veins of a lobiile^ aad those of the contiguous lobules. Hence it appears, con- 
trary to the assertions of Bichat* and Mappbs ^, that the freest anastomosefei 
exist between all . the branches of the portal vein, and that the interlobular 
branches form the medium of communication. 

When the portal vein is imperfectly injected, and the venous circles, formed 
by its interlobular branches around the lobules, are not brought into view, 
these branches are seen in the spaces, and three or four smaller branches are 
seen shooting into the fissures communicating with the spaces. These are the 
stellated vessels of anatomists. When the vessels are well injected, the stellae 
are all continuous with each other, and the venous circles are formed ; the 
stellated appearance, therefore, arises from the incomplete injection of the ves- 
sels. If the liver do not contain much blood, stellse may be always produced 
on its surface by pressure. 

No anastomoses can be shown to exist between, the interlobular arteries, 
these vessels, even when most successfully injected, appearing like points, lines 
and stellse in the fissures and spaces. The right artery may be injected from 
the left in the transverse fissure, and it has been shown that this communica- 
tion takes place by means of the vaginal branches given off by the two arteries 
in the fissure ; but if the left artery, or a branch of it, be injected at its entrance 
into its canal, after the vaginal branches of the fissure are given off^ the injec- 
tion will not return by the right artery. From this experiment it would appear 
that no anastomoses take place between the interlobular arteries ; but as the 
vaginal arteries communicate freely with each other, and as the interlobular 
ducts also communicate with each other, and as the arteries ramify in the coats 
of the ducts, we may conclude that the interlobular arteries anastomose. 

From the superficial interlobular fissures, small arteries emerge and ramify 
in the proper capsule on the convex and concave surfisu^es of the liver, and in 
the ligaments. These are the capsular arteries. They vary much in number 
in different subjects, bqing always most numerous in those in which the cap- 
sule is most developed. In those animals in which the liver has a peritoneal 
» * ■ 

* Speaking of the anastomoses of the portal vein, Bichat says, *' Sa portion h^patique paratt en 
manqaer : toutea les branches, rameanx et ramuscules, marchent isoUment." — ^Anatomie G^^rale, 
^m. ii. p. 247. 

t Loc. cit. 
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coat <mly, and no proper capsule, no capenlar arteries can be shown by injecf* 
tion. In those subjects in which the capsular arteries am numerous, these 
vessels cover the surfaces of the liver with a beautiful plexus : those of the right 
lobe anastomose with those of the left^ and both anastomose with branches of 
the phrenic^ internal mammary and supra-renal arteries; some^ leaving the 
liver^ ramify under the peritoneum covering the right kidney ; others pass 
along the ligamentum teres to the umbilicus^ and anastomose with the epigas^ 
trie arteries. 

Walter did not distinguish the proper capsule, described by Sobmmerrino 
and Labn^ec, from the peritoneal coat of the liver^ the latter of which^ he 
says, has no vascular connexions with the liver^ but receives vessels from the 
vessels of the peritoneum, which^ according to this anatomist, are branches of 
the internal mammary, epigastric, phrenic^ intercostal and lumbar arteries. In 
his most successful injections of the vessels of the liver, Walter could detect 
no vessels in the peritoneal coat ^^ nee nudo nee armato oculo, sed apparuit 
haec membrana ut in hepatibus non injectis, alba neque vasis picta *."' Wai/ter 
erroneously concludes that this membrane has proper vessels, arising from the 
sources above enumerated, and having no connexion with those of the liver. 
All the capsular arteries, arising from whatever source, ramify in the proper 
capsule^ and they may be all injected from the hepatic artery. I have never 
seen injected vessels in the peritoneum, but as recent adhesions between the 
liver and diaphragm may be injected from the hepatic artery, it appears evi- 
dent that the peritoneal coat of the liver is nourished by this artery. That the 
proper vessels of the liver anastomose with those which Walter calls the proper 
vessels of the membrane, is proved by the fiict^ that recent adhesions between 
the right lung and the diaphragm may be injected from the hepatic artery, the 
injection passing from the capsular branches of this vessel into those of the 
phrenic, and thence into the phrenic arteries themselves ^. The capsular veins 
are branches of the portal vein ; these vessels communicate freely with branches 
of the phrenic veins. In some cases of atrophy of the liyer^ and in cases in 
which the circulation through the liver has been for some time pbstructed, a 

* Dc Hcpatc, p. 88. 

t The capsular arteries have been well delineated by Rutsgb, Thesaurus Anatomicus DeGimus» 
No. 181. tab. 3. fig. 5. 
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eoUetteral circulatiion is established by means of :the coinmuiiibatk)ns Vbich 
take place between the Capsular branches of the hepatic. artery and portal vein 
and those of the phrbiic artery and vein. 

All the vasa vdscrum of th6 liver are branches of the liep^ic artery and por* 
tal vein. Branches df the artery ramify in the coats of the duct^ arteiy and 
portal vein; veins brise in the coats of all these vessels/ and terminate in 
branches of the portal vein. Ih the hepatic-venons canals^ and in the fissure of 
the inferior cava, small arteries issue from the interlobular fissures, and ramify 
in the coats of the hepatic veins and inferior cava ; veins arise in the coats of 
these vessels, and entering the interlobular fissures, terminate in branches of 
the portal vein. All the veins arising in the coats of the vessels, and termi- 
nating in the portal vein, constitute the hepatic origin of this vein. 

The trunks of the duct, vein and artery in each canal, terminate in interior 
bular branches. Vaginal vessels, giving off interlobular vessels, ramify in the 
transverse fissure, in the fissure of the gall-bladder, and in that containing the 
obliterated umbilical vein and ductus venosus ; these fissures, therefor^, must 
be considered as portions of portal canals. 

Of the Hepatic Feins y and of the Hepatic-venous Canals. — ^The hepatic veins 
are contained in canals, which may be called the hepatic-venous canals ; they 
commence in the interior of the liver, and terminate at the fissulre of the infe- 
rior cava. Those containing the hepatic trunks are formed by the capsular 
surfaces of a limited number of lobules; those containing the.sablobular-* 
hepatic veins, are formed by the basis of all the. lobules. 

As three vessels are contained in each portal canal, and as a branch of each 
vessel makes its exit from the canal at each interlobular space, each vessel 
necessarily forms a plexus, by which it is brought into apposition with all the 
spaces on the surface of the canal : but one vessel only, an hepatic vein, 1>eing 
contained in each hepatic- venous canal, the external surface of the vein is in 
contact with, and connected to, all the lobules forming the parietes of the 
canal, the intralobular veins, at their exit from the lobules, entering the sub-^ 
lobular-hepatic veins without uniting in the canals to form branches similar 
to the vaginal branches of the portal vein, duct and artery. The interlobular 
branches of the vein and artery conveying blood to the lobules, correspond to 
the intralobular branches of the hepatic veins, which convey the blood from 

5 b2 
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the lobules ; the former arise from the yaginal branches, the latter terminate 
in the sublobnlar-hepatic veins. Thus we find that the hepatic veins have no 
branches corresponding to the vaginal branches of the duct, portal vein and 
artery ; and as Glisson's capsiUe is composed of the vaginal vessels ramify- 
ing in cellular tissue, we consequently find nothing similar to this capsule 
around the hepatic veins, these veins having no vaginal branches. In the 
smaller portal canals, in which the spaces are less numerous and the plexus 
less complicated,* one side of the portal vein is in contact with the parietes 
of the canal. On this side the interlobular branches arise immediately from 
the vein, and the cellular tissue is in small quantity, forming a delicate mem- 
brane on the walls of the canal ; on the opposite side, which is separated from 
the walls by the duct and artery, vaginal branches arise from the vein, and 
the cellular tissue is abundant. (Plate XXI. fig. 6.) These smaller portal veins 
resemble the hepatic veins on that side on which they are in contact with the 
walls of the canal, on which no vaginal branches are given ofi^, on which the 
interlobular branches arise immediately from them, and on which there is no 
capsule ; they resemble the larger portal veins on that side on which vaginal 
branches arise from them, and on which the capsule consequently exists. From 
the absence of vaginal branches on one side of these portal veins, it may be 
presumed, that should a portal vein be found entering the liver unaccompanied 
by a duct and artery, it would, like the hepatic veins, be connected to the 
parietes of its canal, and would, like these vessels, have no vaginal branches,, 
and, consequently, no capsule. The structure and uses of Glisson*s capsule 
are now fully explained, it being evident that the loose connexion of the ducts, 
portal veins, and hepatic arteries to the substance of the liver arises from the 
circumstance of the three vessels ramifying in the same canals ; and that the 
adhesion of the hepatic veins to the substance depends on one vessel only 
being contained in each hepatic-venous canal. 

Numerous minute orifices are seen on the internal surface of the sublobular- 
hepatic veins ; these orifices are the mouths of the intralobular veins, all of 
which terminate immediately in these vessels*. Every orifice corresponds to 

* The orifices of the intralobular veins are most distinctly shown by injecting the hepatic veins 
with coloured size, by then making longitudinal sections of the veins and removing the infection from 
themf leaving it in l^e intralobular branches. 
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the centre of the base of a lobale ; the nomber of orifices is therefore equal to 
the number of lobules forming the parietes of the canal in which the vein is 
contained. (Plate XXII. fig. 2, e.) As an intralobular vein makes its exit from 
the base of every lobule, and as every intralobular vein terminates in a sublo- 
bular vein, it is evident that the base of every lobule is in contact with a sub- 
lobular vein, and that the hepatic-venous canals containing these vessels are 
formed by the bases of all the lobules of the liver. The parietes of the portal 
canals are also composed of lobules ; but they are composed of the capsular 
sur&ces of lobules, and not of the bases, nor do all the lobules enter into 
their formation as into that of the hepatic-venous canals ; for, as the interlo- 
bular ducts, veins and arteries ramify in fissures continuous with each other 
throughout the liver, many of these vessels terminate in lobules situated at a 
distance from the trunks from which they arise, these distant lobules not con- 
tributing to form the canals containing the trunks. As all the lobules unite to 
form the hepatic-venous canals, and as a certain number only enter into the 
formation of the portal canals, it is evident that the former are more numerous 
than the latter. 

In the description of the lobules, the hepatic veins contained in canals were 
divided into two sets, into the sublobular-hepatic veins, and the hepatic trunks. 
The coats of the former are delicate in texture ; they are transparent ; the 
lobules and fissures are seen through them ; their internal surface is studded 
with the orifices of intralobular veins ; their canals, which are formed by the 
bases only of lobules, are not lined by prolongations of the proper capsule. 
(Plate XX. fig. 2, b. Plate XXII. fig. 2, a.) The trunks are more dense in 
structure ; their external coat is composed of longitudinal bands ; their canals 
are lined by prolongations of the proper capsule, which render them opake, 
the lobules and fissures not appearing through them ; they receive no intralo- 
bular branches. Dense in structure, they are not adapted to receive these 
minute and delicate veins ; their canals, therefore, unlike those containing the 
sublobular veins, are, like those containing the portal veins, composed of the 
capsular surfaces of lobules, the intralobular veins of which terminate in a 
neighbouring sublobular vein. (Plate XX. fig. 2, c. Plate XXII. fig. 2, b. v.) 

If the internal surface of the large veins, which open into the trunks, be 
examined, and contrasted with the internal siirface of a sublobular vein, the 
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orifices of the intmlobular veins will be found less closely arranged in die 
former than in the latter. (Plate XXII. fig. 2, g. h.) This appearance arises 
from two causes. Two or three intralobular veins at their exit from the 
lobules^ frequently unite and form one vein, which terminates in the large vein^ 
on the internal rar&ce of which will be seen one larger orifice^ instead of three 
smaller orifices. Frequently also on the surfieu^es of these canals the capsular 
surfaces of lobules are seen^ the bases of which enter into the formation of a 
ndghbouring canal ; no orifices^ therefore^ corresponding to the bases of these 
lobules are found in the veins under examination. 

- The intralobular veins will almost invariably be found entering the sublo- 
bular veins from the centre of what has been called the red substance of the 
Uver. (Plate XXII. fig. 2, e.) 

Of the formation of the hepatic-venpns canals it may be said^ that the smallest 
of the canals, and the greater number of them, are formed by the bases alone of 
lobules; that the next in dimensions are formed by the bases of some, and the 
capsular surfaces of other lobules; and that the largest are formed by the cap^ 
sular surfaces only of these bodies. As the base of every lobule rests on a sub^ 
iobular-hepatic vein, it is evident that those lobules, the capsular surfiices of 
which enter into the formation of canals, ai*e in contact with two hepatic 
veins. 

Ramifying in fissures which are continuous with each other throughout the 
whole liver, the interlobular branches of the portal vein anastomose freely with 
each other, enveloping every lobule in a venous web : the intralobular bmnches 
of the hepatic veiius, on the contrary, confined within the lobules, have no direct 
communication with the corresponding branches of the surrounding lobules, 
from which they are separated by the substance of these bodies, and by th^ 
intervenuQig interlobular ducts, veins and arteries, situated in the interlobular 
fissures ; and one intralobular vein can be injected from another only through 
the medium of the intervening portal veins. When injected with mercury or 
size, the intralobular veins appear in the centres of the lobules in the form of 
points, stellse, or twigs ; these veins, therefore, unlike the interlobular portal 
vdns, do not anastomose with each other. If, by means of a pipe and glass 
tube, mercury be thrown into a large hepatic vein on the surface of a section, it 
will return by several smaller neighbouring hepatic veins, which, generally, are 
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branches descending to terminate in the larger vessel in which the pipe is fixed. 
If these vessels be tied^ the mercury will return by lai^ hepatic veins, situated 
at a distance from the injected vessel, and not branches of it. In this experi*^ 
ment the force used is not sufficient to propel the mercury through the inter- 
vening intralobular, lobular and interlobular veins, and by such means to form 
a communication between the two hepatic veins ; for if force sufficient to eifect 
this were used, the mercury would return by portal as well as by hepatic veins, 
which is not the case. If the inferior cava be opened at its posterior part, and 
if by the same means mercury be throvm into a small hepatic vein, it will im* 
mediately return to the cava by other hepatic veins, without appearing in the 
superficial intralobular veins, and without passing into portal veins. From 
these experiments it appeara that the sublobular veins anastomose with each 
other, and that their intralobular branches do not*. 

By contrasting the hepatic veins with the portal vdn, we find that no two 
intralobular branches of the former anastomose with each other; that the in- 
terlobular branches of the latter form one continuoujs plexus throughout the 
whole liver ; that the sublobular veins anastomose directiy, and not through the 
medium of the intralobular branches; that the portal veins have no direct 
communication with each other, but anastoipose by means of their interlobular 
branches ; that the hepatic vdns, like the other veins of the body, proceed in 
a direct course to their termination in the cava; that the portal vein, accom* 
panied.by an artery, resembles an artery in its ramifications ; that the larger 
hepatic veins, having longitudinal fibres in their coats, differ in structure from 
the portal veui ; and that the blood contained in the liver after death is almost 
invariably found in the hepatic veins, the portal vein being usually empty. 
. The longitudinal fibres in the coat of the lai^r hepatic veins are similar to 
those Jn the coats of the iliacs and inferior cava, and to those which are occa^ 
fiionally seen in some superficial veins. Those of the iliacs and cava have been 
delineated by Senac*!*, who says they are composed of muscular fibres^ This 

* The most superficial vessel, the intralobular branches of which are seen on the surfiftce, should 
\b dskooen. for these experiments, and in order to ascertain that the mercury does not pass into the 
portal Tein, a aectipn of the lirer should be made at some distaooe below the injected yeaseL A glass 
tube and pipe, whereby the pressure may be graduated, should be always used in these experiments. 
Size injected into one hepatic vein will always, and wax will sometimes, return by other hepatic veins. 

t Tiait^ de la Siractare du CcMir, torn. L p. 254. Fl. IV. fig. 8. 
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opinion^ which was adopted by Portal*, is safficiently refated by the existence 
of similar fibres in the hepatic veins, which, being firmly connected to the sub* 
stance of the liver, admit of no motion. 

The hepatic veins in the Seal differ in many respects from those of any other 
animal I have examined. The intralobular veins at their exit from the lobules 
do not, as in other animals, terminate immediately in the hepatic veins : these 
vessels enter the hepatic-venous canals, where they unite into branches, which, 
like the vaginal branches of the poital vein, are connected by a fine cellular 
tissue, with which they form around the hepatic veins a cellulo- vascular sheath, 
precisely similar to that surrounding the branches of the portal vein. The 
structure of the two sheaths is similar, but their uses are different. That of 
Glisson's capsule has been explained ; the capsule of the hepatic veins in the 
seal appears destined to admit of the muscular contractions of these vessels. 
The posterior cava in this animal forms at the back part of the liver a large 
sinus in which the hepatic veins terminate, and which, according to Cuvier, 
^^ is connected with the power of diving, which these animals possess in a high 
degree^.*' The external coat of the hepatic veins is composed of circular fibres, 
which in the larger vessels form a complete tunic. In the smaller vessels the 
fibres are arranged in the form of circular fasciculi, which are connected with 
each other by oblique intermediate fibres. All the fasciculi do not extend com- 
pletely round the veins ; some, dividing into two portions, unite with fibres 
from those above and below, and form other fiEtsciculi. (Plate XXIII. fig. 2.) 
By contrasting the- hepatic veins in the seal with those in the human subject, it 
would appear that the circular bands in the former are composed of muscular 
fibres. In man, the fibres are longitudinal; in the seal, they are circular : in the 
former, the vessels adhere firmly to the parietes of their canals ; in the latter, 
they are loosely connected by the cellulo-vascular sheath in which they are in- 
closed. The existence of the sinus in which these veins terminate, and in 
which the blood accumulates during the act of diving, appears to indicate the 
necessity of a niuscular power to propel the blood onward to the heart. Had 
the intralobular veins in the seal terminated, as in other animals^ immediately 
in the hepatic veins, these vessels would have been connected to every lobule 
forming the parietes of their canals, and their muscular contractions could not 

* Anatomie M^cale, torn. iii. p. 843. t Lefona d'Anatomie Comparde^ torn. iv. p. 265. 
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have ta-keu place ; the use of their sheaths is therefore evident^ and different 
from that of the portal vein, hepatic duct and hepatic artery. No circular 
fibres exist in the coats of any of the other veins of this animal. 
' In the Porpoise the hepatic veins are connected to their canals ; no circular 
fibres are seen in their coats. Their external surface is reticulated^ the ridges 
corresponding to the interlobular fissures^ where the interlobular cellular tissue 
is continuous with the cellular coat of the veins. The mouth of an intralobular 
vein occupies the centre of each space circumscribed by the ridges. 

In diving birds^ Cuvibr says*, "all that portion of the vena cava inclosed in 
the liver is of veiy considerable diameter, and forms a kind of reservoir similar 
to that in the seal.'" I have examined some birds of this class, but have found 
lio circular fibres in their hepatic veins. 

Of the Structure of the Lobules, — ^The lobules constitute the secreting por- 
tion of the liver. Examined with the microscope, a lobule is apparently com- 
posed of numerous minute bodies, of a yellowish colour (imparted to them by 
the bile they contain) and of various forms, connected with each other by ves- 
sels. These minute bodies are the acini of Malpighi ; his opinions respecting 
their structure and use are well known. RuvscH-f- admitted the existence of 
the acini, and, more successful in his injections than Malpighi, he filled the 
minute vessels which are described by the latter anatomist as ramifying be- 
tween these bodies ; he thereby, probably, rendered the acini invisible, or less 
apparent than they present themselves in the natural state, in which they had 
been discovered by Malpighi, and he concluded that these minute bodies are 
composed of the terminal extremities of the vessels, with a certain number of 
•which the ducts are continuous. Bobrhaave;}; attempted to reconcile the con- 
tending opinions of the two great anatomists. Ferrein§ successfully opposed 
these opinions ; he demonstrated the tubular structure of the kidney, and Hvas 
the first who asserted that several other viscera, the liver, spleen and renal 
capsules, " sont un assemblage merveilleux de tuyaux blancs, cylindriques dif- 
fgremment replies." Mascagni || says the liver is composed of cells, from which 
the minute biliary ducts arise, and this anatomist enters into a description of 

* Op. cit., torn. iv. p. 274. t Epistola Anatomica ad H. Bobrhaavs. 

t Epistola Anatomica ad F. Rutsch. § Mdmoires de rAcad^mie Royale des Science8,4749. 
II Prodromo, p. 142. 
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the various tunics of which these supposed cells are composed. To Mulleii, 
whose recent discoveries have thrown much light on the ultimate structure of 
glands^ is due all the merit of the important discovery^ that a gland is a duct^ 
with blood-vessels ramifying on its parietes. This anatomist asserts^ from ana- 
logy rather than from actual demonstration^ that the biliary ducts in the ver* 
tebrated^ like those in some of the invertebrated animals^ terminate in caecal 
extremities, which present certain differences in the manner of their atTange- 
ment in the different classes. The foliated and pinnate appearances delineated 
in Mullbr's Uth plate, and displaying, according to this anatomist, the man- 
ner in which the terminal extremities of the ducts are arranged, appear to me 
to result solely from partial congestion of the liver, the foliated portions being 
composed of the non*congested opposed edges of lobules, with the interlobular 
ducts, veins and arteries ramifying between them*. This state of the organ I 
have repi*esented in Plate XXI. fig. 3. Appearances somewhat similar to those 
represented by Muller, Tab. XI. fig. 1 1, have been delineated by Dr. Hope in 
his valuable work on Morbid Anatomy. In describing figg. 104 and 105, Dr. 
Hope says^, '^ The acini or white substance of the liver displayed with singular 
and unusual distinctness : from a case in which the vena portse was plugged 
with coagula and fibrinous concretions. The acini were very small, pale and 
collapsed, as if they had lost a portion of their supply of blood, thus allowing 
the red substance which occupied a preternatural space to encroach upon and 
compress them.*" The small bodies represented in these figures are composed 
of non-congested portions of three contiguous lobules, '^ the small puncta or 
depressions in the centre*" being interlobular spaces, containing branches of 
the duct, portal vein and artery. These bodies being neither acini nor lobule, 
and the branches of the portal vein here represented being situated between, 
and not in, lobules, it cannot, from these appearances at least, be inferred, aa 
-Dr. Hope inquires, ^^ that the principal part of the portal blood is distributed 
to the acini.** MM. Boulland and Andral, Dr. Hope, and most other anato- 
mists, are of opinion that the liver is composed of two substances, — of a red 
and a yellow substance : it will be «hown hereafter that these two apparently 
different substances are identical in structure, the red colour resulting from 
congestion only. 

* Op. dt. t Part V. 
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The portal vein enters the liver in all the vertebrated animals^ in all of which 
the lobules are arranged around the hepatic veins as I have described them in 
man. Each lobule is composed of a plexus of biliary ducts, of a venous plexus 
formed by branches of the portal vein, of a branch of an hepatic vein, and of 
minute arteries; nerves and absorbents, it is to be presumed, also enter into 
their formation, but cannot be traced into them. 

The hepatic ducts, commonly so called, and their vaginal and interlobular 
branches constitute the excreting portion of the biliary apparatus ; they are 
also organs of mucous secretion, being furnished with mucous follicles : the 
secreting portion of the liver is also composed of ducts, which form a plexus in 
each lobule. These plexuses may be called the lobular biliary, or secretmg bili- 
ary plexuses. The ducts composing them being exceedingly minute, and always 
containing bile, much greater difficulty is experienced in injecting them than 
in injecting the blood-vessels of the liver, even in the usual manner; and this 
difficulty is not so easily overcome as that occasioned by blood in the vessels, 
for the bile contained in the excreting ducts is propelled by the injection into 
the secreting ducts, from which it has no exit by other vessels, and conse- 
quently opposes the entrance of the injection. This process is, to a certain 
degree, facilitated by tying the portal vein and hepatic artery in the living 
animal, and thereby arresting the secretion of the bile *• If this operation be 
carefully performed, the animal will survive several hours, during which time 
the ducts will discharge much of the bile they contained, and the liver will 
sometimes become almost colourless. The experiment will probably be at- 
tended with more success if performed a few hours after feeding the animal. 
After preparing the liver in this manner, I have frequently succeeded in par- 
tially injecting the lobules from the hepatic duct ; I have also injected these 
bodies from the duct in the human subject, but with less success. Examined 
with the microscope, the injected interlobular ducts are seen dividing into 
branches, which, entering the lobules, divide and subdivide into minute 
ducts ; these ducts anastomose with each other, forming a reticulated plexus. 
(Plate XXIII. fig. 3.) If an uninjected lobule be examined and contrasted with 
an injected lobule, it will be found that the acini of Malpighi in the former €ire 

* It is probable that the tuMi semhii/eri might be injected with fttdlity in animalB after arresting 
the secretion, by dividing the blood-Tessels of the cord sereral days before killing the animal. 
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identical with the injected lobular biliary plexus in the latter^ and the blodd^ 
vessels in both will be easily distinguished from the ducts. The ducts forming 
the plexuses, when examined with the microscope, present very much the ap- 
pearance of cells ; and this appearance, which has been well delineated by Mas- 
CAGNi *, probably induced this anatomist to consider the liver as an assemblage 
of minute cavities, giving origin to the ducts. The form of the lobules bears 
no relation to the arrangement of the ducts, the form of each lobule being 
always correspondent to the branches of the intralobular hepatic vein occupy- 
ing the centre of the lobule. The coats of the lobular ducts, on which the 
blood-vessels next to be described ramify, constitute the proper secreting sub- 
stance of the liver, as the coats of the cortical ducts of the kidney, and those 
of the tubuli seminiferi, constitute the secreting substance of their respective 
organs. 

The left lateral ligament may be considered as a rudimental liver, in which 
this organ presents itself to our examination in its simplest form. From that 
edge of the liver connected to the ligament, numerous ducts emerge, which 
ramify between the two layers of peritoneum of which the ligament is com- 
posed. These ducts were discovered by Ferrein, but this anatomist did not 
ascertain their termination. *^ A^ regard des vaisseaux biliaires, M. Ferrein en 
a observes de nouveaux, dont les uns reviennent du ligament gauche du foye, 
et qu*il a vfts quelquefois repandus sur la face inf<6rieure du diaphragme ^J" 
These ducts, the smallest of which are very tortuous in their course, divide, 
subdivide and anastomose with each other. They are sometimes exceedingly 
numerous, two or three of them in such cases being of considerable size; 
some of them, as Ferrein says, frequently extend to the diaphragm and 
ramify on its inferior surface. They sometimes extend only half-way up the 
ligament, where they divide into branches, which, forming arches, return and 
descend towards the liver, anastomosing, or being continuous, with other ducts 
issuing from it. The spaces between the larger, or excreting, ducts are occu- 
pied by plexuses of minute, or secreting, ducts. (Plate XXIII. fig. 4.) I have 
injected the ducts on the inferior surface of the diaphragm, but have not 
succeeded in injecting them to their termination ; we may however conclude, 

^ Prodromo, Tab. VI. figg. 13, 14. 

f M^moires de TAcad^mie Royale des Sciences^ Histoire, 1733. 
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that, like those just described, they form arches, the branches returning 
towards the ligament, and being continuous with others ascending from it. 
Branches of the portal and hepatic veins, with arteries and absorbents, also 
ramify in the ligament, which, including between its layers a plexus of 
secreting and excreting dupts, with blood-vessels ramifying on their parietes, 
admirably displays the structure of the liver ^. Ferrein speaks of other 
ducts ; ^* d'autres reviennent de cette portion des parois de la veine cave, qui 
parott hors de T^chancrure sigmoide du foye quand on le regarde par der- 
ri^re, d'autres enfin reviennent des membranes de la v^icule du fiel.'' The 
inferior cava usually occupies a fissure at the back part of the liver ; this 
fissure is frequently converted into a canal by a portion of the liver, extending 
from the lobulus Spigelii to the right lobe ; frequently, also, the fissure is con- 
verted into a canal by a band, apparently of ligamentous texture, varying in 
width in different subjects. This band is, like the left lateral ligament, a trans- 
parent portion of the liver, containing ducts and blood-vessels. In a prepa- 
ration in my possession, in which the ducts in this band are injected, a few 
injected ducts are seen issuing from the right lobe and ramifying on the coats 
of the cava above the band. The umbilical vein is also contained in a fissure, 
which is frequently converted into a canal by a process of the liver, called the 
pons hepatisy extending from the hbulus quadratus to the left lobe ; sometimes 
the two lobes are connected by a band only, which is similar in structure to that 
behind the cava. No ducts ramify in the coats of the gall-bladder. It is probable 
that Ferrein mistook the absorbents of the gall-bladder for ducts, this anato- 
mist, probably, having injected some of the former vessels, as I have frequently 
done, from the hepatic duct : or Ferrein may allude to ducts which occasionally 
ramify between the liver and gall-bladder, and divide into interlobular branches, 
which enter the former, and which he may have removed with the latter and 
mistaken for ducts ramifying upon it. No branches of the hepatic veins ramify 
in the coats of the gall-bladder ; and the absence of these vessels sufficiently 
proves the non-existence of ducts. The cystic veins are branches of the abdo- 
minal portal, and not of the hepatic portal or umbilical, vein : they are there- 
fore efferent, and not afferent, vessels, conveying blood from, and not to, the 

* A beautiful preparation is made by drying the ligament on glass, after having injected the ducta 
with size or mercury. 
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gall-bladder : it necessarily follows^ that biliary dacts ramifying on the parietes 
of this receptacle would receive the materials of their secretion from arterial 
bloody — that of the cystic arteries. If in any case ducts should be found on the 
gall-bladder^ I venture to assert^ that branches of both the portal and hepatic 
veins will also be found ; but the portal veins in such a case will be branches of 
the hepatic portal vein^ will convey blood from the coats of the excreting ducts^ 
and to the coats of the secreting ducts, and not from the gall-bladder. If ducts, 
arteries, and one set only of veins, terminating in either the portal or hepatic 
veins, should be found, — and this is always the case if Ferrein's assertion, that 
ducts ramify on the coats of the gall-bladder, be true, — ^then would the bile of 
these ducts at least be secreted, beyond dispute, from arterial blood. 

Branches of the hepatic artery and portal vein accompany the ligamentum 
teres ; these veins convey blood to the hepatic portal vein, and must therefore 
be considered as separate branches of the abdominal portal system. 

Of the Lobular Verums Plexuses. — The interlobular branches of the portal 
vein, surrounding the lobules on every side except at their bases, divide into 
branches, which, entering these bodies, form in each of them a plexus, the 
branches of which terminate in the intralobular hepatic situated in the centre 
of the lobule. This plexus, interposed between the interlobular portal veins 
and the intralobular hepatic vein, constitutes the venous part of the lobule, 
and may be called the lobular venous plexus. Examined with a powerful 
microscope, the vessels constituting the plexus are seen converging from their 
origin at the circumference toward their termination at the centre of the 
lobule; they communicate with each other by smaller ti*ansverse branches, 
between which are seen minute circular, ovoid, or oblong spaces, occupied by 
portions of the lobular biliary plexus. (Plate XXIII. fig. 6.) Examined with a 
less powerful microscope, the vessels of the plexus appear arranged in circles. 
The circular, ovoid and oblong portions of the biliary plexus, seen between the 
branches of the venous plexus, are the acini of Malpiohi. Muller has deli- 
neated the converging vessels of the plexuses in the liver of the squirrel ; but 
this anatomist did not ascertain whether they were branches of the portal vAin 
or of the hepatic artery. ^' Prsesertim examinare juvat, utrum vascula san- 
guinea descripta, inter acinos elongates decurrentia, ad venam portarum an 
ad arterias pertineant, num sanguis inter acinos diffusus eadem ratione inferius 



Digitized by 



Google 



OF THE LIVER. 745 

in venulas coUigatur. Doleo^ Sciurum hactenus novum defuisse^ in quo 
qusestiones haece vasis artificioae repletis possent extricari*.'" The venoug 
plexus of one lobule communicates with the plexuses of the surrounding 
lobules by means of the interveniug interlobular branches of the vena portae^ 
this vein thus forming one continuous plexus through the whole liver. The 
converging branches of each plexus unite at the centre of each lobule^ and 
form an intralobular hepatic vein^ this vein having no communication with 
the corresponding veins of the contiguous lobules^ except through the medium 
of the intervening plexus and portal veins. No branches of the hepatic veins 
are found in any other part of the liver ; occupying the centre alone of each 
lobule, their only office is to convey the blood from the lobular venous plex- 
uses, and not from the arteries. 

In consequence of its double venous circulation, the liver is naturally in a 
state of sanguineous congestion ; hence arises the great difficulty of making 
successful injections of the human liver : the plexuses may, however, be fre- 
quently well, but seldom equally, injected, and always with greater success 
from the portal, than from the hepatic vein, the latter, and those portions of 
the plexuses immediately surrounding its intralobular branches, generally con- 
taining whatever blood may remain in the liver after death. The plexuses 
may be always injected with facility from the portal or hepatic veins, and the 
injection will pass freely from one vein into the other without extravasation, if 
the liver has been previously deprived of all its blood by the ligature of the 
portal vein and hepatic artery in the living animal -f-. Anatomists have consi- 

* Op. dt., p. so. 

t I for some time experienced great difficulty in making sacceaaful injections of the minute Teflsels 
of the liyer ; and this difficulty, arising from the presence of blood in the vessels, was increased when 
my object was to inject the two veins in the same organ, no exit being then left for the blood. Very 
little advantage is gained by previously injecting waim water, a large portion of which remaining in 
the vessels dilutes the injection and obstructs its course. The object is to obtain a firee paaisage for t]»e 
injection through the minute vessels ; this can be accomplished only by tying the portal vein and 
hepatic artery in the living animal, and thus depriving the liver of all its blood. In one minute after 
the application of the ligature, the liver becomes bloodless, and the, sufferings of the animal may be 
abridged, and regurgitation into the hepatic veins prevented, by dividing 1h.e inferior cava near its ter* 
^mation in the right auride. Before injecting, the body of the animal should be left in water during 
twenty-four hours, a ligature having been previously placed on the inferior cava above the diaphragm 
to prevent the entrance of the water into the hepatic veins. If the liver be previoufliy prepared in 
this manner, all the intralobular hepatic veins may be injected with one oolour, and all the interlobo- 
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dered^ that the free communications which exist between the two vessels ob^ 
viate the difficulty which would otherwise arise in the circulation through the 
liver, from the want of power consequent on the presence of the two veins* ; 
and although the communications between these vessels appear, upon experi- 
ment, to be more free than those which exist between the hepatic artery and 
the portal vein, and between arteries and veins generally in other parts of the 
body, yet it appears that the arteries and veins in the spleen and kidney, and 
probably in all glands, communicate with equal freedom. The lobular venous 
plexus is best examined in the superficial lobules, but here again the human 
liver presents a difficulty, particularly in the adult, in consequence of the opa* 
city of the proper capsule : the liver of the cat, and that of the smaller animals 
generally, appear to have no cellular capsule, and are consequently more fa- 
vourable for this purpose. 

The venous plexus ramifies on the biliary plexus: the blood circulating 
through it is composed of the portal blood, and certainly of that portion of 
the arterial blood which, having nourished the excreting ducts and supplied 
them with mucus, and having circulated through the vasa vasorum of all the 
vessels, becomes venous and is received into the branches of the portal vein, 
by which, with the portal blood, it is conveyed to the plexus ; and from this 
mixed blood the bile is secreted. 

The vessels of the plexus ramify on, or as Muller says, between, the se- 

lar portal veins with another, and the course and distribation of each set of vessels may be studied 
with facility. The various appearances produced by congestion of the liver may be imitated by in* 
jection. This method of injecting is equally applicable to every other organ. .1 made a very suc- 
cessful injection of the portal and hepatic veins in the exsanguine liver of a man, who died from the 
rupture of an aneurism of the abdominal aorta, under the care of Dr. Hopbi in the Marylebone Infii^ 
mary. In the preplu^tions of this liver, as in those made by injecting the vessels after the ligature of 
the portal vein and hepatic artery in living animals, the central portions of the lobules are coloured 
with blue, and the marginal portions with red injection. 

* The vis d tergo is removed by the ligature of the portal vein and hepatic artery ; these vesseb. 
nevertheless, disembarrass themselves perfectly of their blood, and no regurgitation takes place. In 
the sheep, the inferior cava runs in a direction parallel to the superior nuurgin of the liver, a part of 
the right lobe of which is in front of this vein : the hepatic veins conveying the blood frt>m this part 
terminate in the cava at obtuse angles ; this blood consequently flows in an opposed direction to that 
passing through the cava. The collision of the two currents is prevented, and a septum is, to certain 
distance, formed between them by two valves, somewhat larger than those of the human aorta, situ- 
ated at the orifices of the two right hepatic veins. 
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cretlng ducts ; they are not continuous with the ducts as was imagined by 
RuvscH. On this subject M uller observes : ^^ Itaque autopsia docet^ vascula 
sanguifera tenuissima cum ductibus biliferis caecis nullum commercium 

inire* Neque yer5 quisquam commercium inter fines ductuum bilifero- 

rum et vascula sanguifera unquam observavit. Quod jam Hallerus rect^ mo- 
nuit. Nemo vidit vasculum sanguiferum in finem ductiis biliferi usquam de- 
sinens-f-.*' 

Of the Lobtdar Arteries. — ^The lobules are sparingly supplied with arterial 
blood. These bodies cannot be coloured with injection from the artery even) 
in the young subject ; in the ^dult^ after the most successful injection^ when 
the arteries of the cellular capsule^ those of the excreting ducts and gall-blad- 
der^ and the vasa vasorum are minutely injected^ a few injected vessels only 
are detected entering the lobules. I have frequently tied the thoracic aorta 
in living animals^ thereby cutting off all supply of blood from the abdominal 
viscera ; and in these animals, when injected from the aorta below the ligature 
forty-eight hours after death, the integuments, the secreting portions of the 
kidneys, the spleen, pancreas, intestines and pelvic viscera were coloured in a 
remarkable degree by the injection ; on the surface of the liver a few vessels 
only could be discovered, this organ presenting a curious contrast with the 
surrounding coloured viscera. The gall-bladder and ducts were, however, 
equally well injected with the intestines ; the vasa vasorum were also well 
injected. In these experiments it will be remarked^ that the secreting portion 
alone of the kidney was highly injected ; the excreting portion of this gland 
resembling the secreting portion of the liver in its supply of arterial blood, 
which it receives for nutrition only. Similar experiments were tried on birds, 
and in these animals all the viscera were highly injected, with the exception of 
the liver and kidneys, the latter organs in oviparous animals having, like the 
liver, a double venous circulation, the urine, as well as thie bile, being secreted 
from venous blood :[:. Whether the liver be injected from the aorta or from 
the hepatic artery, the appearances produced will be nearly the same. In 

* Op. cit., p. 82. t Ibid. p. 83. 

{ Jacobson, De Systemate Venoso peculiari inpermtiltis Animalibus observato. Hafiiis 1821. 
'* On a peculiar Arrangement of the Venous System observed in many Animals/' Edinburgh Medical 
and Surgical Journal, voL xix. p. 78. 

MDCCCXXXIII. 5 D 
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speaking of the excreting ducts^ it was shown that these vessels are abttnd* 
antly supplied with arterial blood, which is received by branches of the portal 
vein ; the injection very commonly passes from the arteries into these branches^ 
and thrice into the trunks of the vein, and it occurred to me, that the injec* 
tion thrown into the arteries was probably in this manner diverted from the 
lobules. To ascertain if such was the case, blue injection was first thrown 
into the portal vein ; the arteries were then injected with red. On dissection^ 
branches of the two sets of vessels were found in the coats of the vessels, and in 
those of the excreting ducts and gall-bladder ; the lobules were coloured with 
the blue injection ; the red was confined to their circumference, and appeared 
in points only. This experiment was varied by injecting the portal vein and 
its branches as far only as the entrance of the latter into the lobules, these 
bodies thus remaining uninjected. The injection propelled through the arte^ 
ries had now free access to the uninjected lobules, and no exit by the injected 
portal vein ; and the artery having no communication with the hepatic veins, 
the injection had no exit by these vessels: the lobules, however, were not better 
injected in this than in the preceding experiments. From these experiments 
I conclude, that the secreting portion of the liver, like the excreting portion 
of the kidney, is supplied with arterial blood for nutrition only. As €tll the 
branches of the artery of which we can ascertain the termination end in 
branches of the portal vein, it is probable that the lobular arteries terminate 
in the lobular venous plexuses formed by that vein, and not in the intralobular 
branches of the hepatic veins, which cannot be injected from the artery, the 
blood of these arteries, after having nourished the lobules, becoming venous, 
and thus contributing to the secretion of the bile. 

MijLLER is also of opinion that the ultimate reticulated vessels of the liver 
receive blood from the artery as well as from the portal vein : '^ Vascula ul- 
tima reticulata sanguinem tam ab arteriis quam k venk portarum accipere, 
venisque hepaticis reddere, ex hisce argumentis conclude : 1. Post injectionem 
jn arteriam hepaticam non mintls qukm in venam portarum aut venas h^Mt- 
ticas factam, eadem communia vasculorum minimorum retja replentur, quod 
ex injectionibus exsiccatis Libberkuhnianis, Berolini asservatis, facil^ quis- 
quis sibi persuadebit :*' from which it appears that Lieberkuhn injected the 
lobules from the artery, as well as from the portal or hepatic veins. I have 



Digitized by 



Google 



OF THE LIVER. 749 

ahown that the ultimate reticulated vessels^ or those I have called the lobular 
venous plexuses, are formed by the portal vein alone ; that the branches of the 
artery ramify in the coats of all the vessels ; and that these arteries terminate 
in the branches of the portal vein : it would appear, tlierefore, that Liebbr- 
KUHN, if he injected the lobules from the artery, must have previously filled 
all the branches of the portal vein from that vessel*. Mullbr's second ai*gu* 
ment is : ^^ Injecti liquores colorati ex alio vasorum ordine faoil^ in aliud trans* 
eunt, qualis frequens Hallbri veteruqique, Walteri denique et Rupolphii 
cet extat experientia. Ipse equidem transitum aquse limpidse et coloratae 
scepius observavi^/* Mullbr coincides in opinion with those anatomists who 
suppose that all the blood-vessels communicate directly with each other. I 
have shown that no branches of the artery terminate in the hepatic veins, the 
latter vessels being injected from the former through the medium of the lobu- 
lar venous plexuses of the portal vein. 

Of the Red and Fellow Substances of Fkrrbin, and of the Appearances pro^ 
duced in the Liver by Congestion. — ^The structure of all the lobules is similar^ 
and each lobule is of the same structure throughout ; one part of a lobule is 
not more vascular than another ; there is, therefore, no distinction of red and 
yellow substances in the liver ; the red colour results from congestion only. 

Ferrbin first asserted the existence of two substances. '^ Sur la structure, 
il a trouv^ dans chaque grain ou lobule du foye deux substances diffiSrentes; 
une qu*il appelle corticate, qui est ext^rieure, friable, et d*un rouge tirant sur 
le jaune ; Tautre mdduUaire, ou int^eure^ rouge, moUe et pulpeuse, plac^ au 
centre de chaque grain, tr&s-apparente dans plusieurs animaux, et souvent dans 
rhomme. Les conduits h^patiques traversent la substance corticale pour se 
rendre dans la substance m^ullaire, que M. Ferrbin croit form^ des extr^ 
mit^s pulpeuses de ces canaux j;.** Ferrbin^s opinion respecting the existence 
of two substances has been very generally adopted by anatomists ; some, how- 
ever, have disagreed with him respecting their relative position to each other. 
Thus^ Autrnrieth says the yellow substance is medullary^ and the red corti- 

* LiBBBBKUHir used injectioa made of vhite wbx, resin and Venice turpentine. " Sur les Moyens 
propres k d^oonyrir la Ck>nstraction des Visc^res/' Mdmoixes de I'Acadtoie Royale des Sdenoes de 
Berlin, torn. hr. p. 28. 1748. 

t Op. city p. 82. t M^noires de TAcaddmie Royale des Sdenoesy Ifistoixe^ 1733. 
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cal. Mappes^ who was unacquainted with the lobular structure of the liver, 
which was known to Ferrein^ says^ ^^ Tune de ces substances, qu*on pent ap^ 
peler granul^e, (m^duUaire, suivant Autenrieth,) forme des circonvolutions^ 
tantdt semblables k celles des intestins, tant6t rameuses, plates et arrondies, 
de couleur jaune et assez denses, qui laissent entre elles des espaces arrondies 
d'un quart ou d'un travers de ligne de diam^tre, ou des fissures oblongues le 
tout rempli par la seconde substance, laquelle est brune et moins serr^ et 
qu'on pent appeler cellulo-vasculaire (corticale, suivant Autenrieth) *." To 
Meckel^, the view taken of the substances by Autenrieth and Mappes 
appears more just than that taken by Ferrein. Rudolphi says the terms cor- 
tical and medullary are not applicable to the substances, one not forming a 
bark for the other. The attention of pathologists has been lately directed in a 
particular manner to these supposed elements of the liver by MM. Boulland 
and Andral. Bichat, who thought it ^^ impossible that all the substance of 
the liver is destined to secrete bile,** was of opinion that the bile is secreted 
from arterial blood alone, and that the liver fulfils another function connected 
with the existence of the vena portse j;. On this subject M. Boulland remarks, 
" Si cette opinion est vraie, elle doit s*accorder avec Fanatomie du foie, c'est-^ 
dire, que si cet organe est charg^ d*une fonction de plus que celle de la s^cr^tion 
de la bile, et que cette fonction ait rapport k la circulation sanguine, ou doit y 
trouver un appareil vasculaire sp6cialement destin^ kce dernier usage, en outre 
de Fappareil s^cr^teur de la bile.** In speaking of the substances, the same pa- 
thologist says, ^/La substance jaune se pr£sente sous forme de granulations 
saillantes, dont la figure, la couleur et Tarrangement doivent les faire regarder 
comme les grains s6cr£teurs de la bile, connus depuis long-temps sous, la deno- 
mination d'acini Ces granulations sent entour^s de toutes parts par la 

substance brune, qui affecte par cela mSme diverses formes angulaires 

Cette substance, qui est toujours d^prim^ au-dessous du niveau des granu- 
lations jaunes, n*est pas seulement formde de tissu cellulaire, mais encore d*un 
lacis vasculaire, qui pent Stre compart au tissu Erectile §." M. Boulland con- 

* Loc. cit. t Manuel d'Anatomie, t»m. iii. p. 452. 

t Anatomie O^n^rale, torn. ii. p. 260. 

§ " Consid^tions sur un Point d' Anatomie Pathologique du Foie/' M^moires de la Soci^t^ M^di- 
cale d*£n)Lulation, torn. iz. p. 177. 
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giders that the Chrrhose of Laennec depends on a disassociation of the two 
elements i the ^pp^ances he has represented in fig. 1^ and which^ as he re- 
marks, are frequently observed in connexion with disease of the heart, resemble 
some of those delineated by Muller in Tab. XI., and arise from sanguineous 
and biliary congestion. M. Andral coincides with M. Boulland in his opi- 
nion of the two elements, and says, ^^ Isoldes, ou r^unies et combin^es de plu- 
sieurs mani^res, les alterations de ces deux substances produisent les diverses 
£tats morbides du parenchyme h^patique *•'* M. Andral considers the red 
substance as ^^ ^mineminent vascuiaire -f-, . . . . oii se ramifie surtout le syst^me 
capillaire de Torgane :{;.** Opinions opposed to those just cited are entertained 
by Portal, Muller, and M. Cruveilhier. Portal merely observes, that 
'^ Ferrein avait ayanc6 gratuitement que les glandes du foie ^toient compos^es 
de deux substances, Tune corticale, et Tautre m^duUaire^.** M. Cruveilhier, 
in his admirable work on pathological anatomy, says, '^ 11 n*existe pas deux 
substances dans le foie, soit qu'on admette deux espies de granulations, 
soit qu'on admette que chaque granulation est compost des deux substances 
k la fois. Ce qui a pu en imposer k cet ^gard, c*est que la partie centrale 
de chaque granulation r^pond au radicule biliaire, et consdquemment est 
souvent teinte en jaune, et que la partie excentrique r^pond k r^l^ment vas- 
cuiaire, et cons6quemment est plus rouge que la partie centrale ||.*' Muller 
gives the following account of the two substances. ^^ Diversam substantiam 
hepatis, utpote medullarem et corticalem, quae per hepar totum undique ob- 
veniunt, qualem Autenrieth, Bichat, Cloquet, Mappss atque etiam J. Fr. 
Meckel admittunt, equidem neque in historia evolutionis amphibiorum et 
avium, neque in hepate adultorum microscopic^ observato, conspexi. Historia 
evolutionis banc qusestionem evidentissime illustrat. Systema nimirum duc- 
tuum biUferorum in embryone amphibiorum et avium liberis finlbus in super- 
ficie hepatis prominulis conspicuum. Sarmentula ilia foliatim et paniculatim 
divaricata/colore e gilvo candido nitent, magnopere ab interstitiis sanguinolentis 
distincta. Hinc sane duplicis substantiae species exoritur, quoniam circum duc- 

« Clinique M^cale, 2de Edition, torn. ir. p. 178. f Ibid., p. 176. 

} Precis d'Anatomie Pathologique, torn. ii. p. 584. 

$ Anatomie M6dicale, torn. y. p. 277. 

n Anatomie Pathplogique du Coipa Hum^, Liyr. zii. *' Foie granulenz." 
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tuum biliferorum surculos et fines ondique tela vasculosa subtilis sangoifera 
disponitur^ ita ut interstitia duetuum biliferorum a tela conjuBCtiva expleantor^ 
quae et subtilissimis fere constat vasculorum sanguiferorum I'etibus^ in qmbus 
arteriae et venulse advehentes in revehentes venas transeunt. Atque haec sola 
est utriusque substantias notio. Sed in omnibus organis glandulosis fere idem 
obvenit * ." 

My attention was first directed to the anatomy of the liver by the study of 
the admirable works of M. Andraju In the first organs I examined, I found 
the small branches of the hepatic veins ramifying exclusively in the red, and 
those of the portal vein in the yellow substance. I concluded that the Uver 
was composed of two venous trees, a portal and an hepatic tree, the former 
having a cortex of yellow, the latter of red substance; and with M. BoujUiAKD 
I thought it probable that the red substance was the organ of the functiim ima* 
gined by Bichat. I next ascertained the lobular structure, and concluded 
with Ferrbin that the red substance was medullary, and the yellow oorticaL 
Subsequent dissections, in which I found branches of both the portal and 
hepatic veins ramifying in the red substance, tended to unsettle the opinions I 
had formed respecting the anatomy and physiology of the two substances; and 
these opinions were finally overturned by the examination of a liver in which 
I found the branches of the portal vein alone ramifying in the red, and those 
of the hepatic veins in the yellow substance. The only conclusion that could 
be drawn was, that the red colour resulted from congestion ; that it was me* 
dullary, occupying the centre of each lobule, when the hepatic, and cortical, 
forming the circumference, wh^i the portal vein, was congested. It occurred 
to me that the kidneys of birds having, like the liver, a dcHjble venous circu- 
lation, were equally subject to congestion, and would, like it, present an ap^ 
pearance of two substances. Dissecticm verified this conjecture ; but the appa- 
rently two substances are red, one, however, being of a much deeper colour 
than the other. I have satisfied myself by repeated injections, by examination 
with the microscc^, and by experiments on living animals, that the loboies 
are of the same structure throughout; that one portion of a lobule is not 
more vascular than another ; that the acini of M alpighi, by contrast with 
the congested vessels, are even more apparent in the red than in the yellow 

♦ Op. cit,, p. 83. 
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substance; and that these supposed two substances are consequently identical 
in structure. That decretiug biliary ducts are contained in the red as well as 
in the yellow substance^ is proved by the relation given by M. Andrai^ of a 
case of jaundice with ^'coloration insolite du foie.** '^Foie voluoiineux, pesant, 
tr^s-dur^ se d^chirant difficilement^ ofifrant une teinte g^n^rale d*un brun verd-- 
fttre. En Texaminant avec plus d'attention^ on trouve que cette teinte n'est 
pas unifonne^ et que le parenchyme du foie est form^^ P. par un tissu d*un 
blanc verd&tre^ dispose sous forme de lignes ou de plaques irreguliferes (c*est le 
4issu blanc ordinaire hypertrophic) ; 2^. par un tissu d*un vert brun foncC^ duquel 
depend la couleur gCnCrale que pr^sente le foie, et qui est Tanalogue du tissu 
rouge ordinaire *.'' This was a case of vitiated biliary secretion, with general 
biliary and partial sanguineous congestion. The ordinarily yellow substance 
was of a greenish white colour, being congested with greenish bile only; the 
ordinarily red substance was of a deep brownish green, this colour evidently 
resulting from biliary and sanguineous congestion combined. I have met with 
more than one case of this kind ; I have also seen cases of jaundice in which 
there was no biliary congestion of the liver, and the highest state of biliary 
congestion without jaundice. In attempting to estimate the causes of the 
various shades of colour observed in the liver, it is not sufficient to examine 
the cystic bile alone ; the hepatic bile should be also examined, and it will be 
generally found, as in the above case, that these shades of colour depend either 
on biliary or sanguineous congestion alone, or on the various combinations of 
both. 

Sanguineous congestion of the liver is either general or partial. In general 
congestion the whole liver is of a red colour (Plate XXI. fig. 6.), but the central 
portions of the lobules are usually of a deeper hue than the marginal portions. 
(Plate XXI. fig. 5.) Partial congestion is of two kinds, hepatic*venous and por- 
tal-venous congestion. Of the first kind there are two stages. In the first aind 
most common stage, the hepatic veins, their intraldbidar branches and the cen- 
tral portions of the plexuses are congested. The congested substance is in small 
isolated patches of a red colour, and^ occupying the centres of the lobules, it 
is medullary ; the non-congested substance is of a yellowish white, yellow or 
greenish colour, according to the quantity and quality of the bile it contains : 

* Clici^iie Mddicale, Ure Edition, torn. ir. p. 169. 
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it is continuous throughout the liver^ and, forming the marginal portions of 
the lobules, is cortical. (Plate XXI. fig. 2.) This is passive congestion of the 
liver ; it is the usual and natural state of the organ after death, and probably 
arises from its double venous circulation. In the second stage, the congestion 
extends through the plexuses to those branches of the portal vein situated in 
the interlobular fissures, but not to those in the spaces, which being larger than, 
and giving origin to, those in the fissures, are the last to be congested ; when 
these vessels contain blood, the congestion is general, and the whole liver is 
red. In this second stage, the non-<;ongested substance appears in isolated 
circular and ramous patches, in the centres of which the spaces and fissures 
are seen. (Plate XXI. fig. 3.) This is active congestion of the liver; it very 
commonly attends disease of the heart, and acute disease of the lungs or pleurae: 
the liver is larger than usual in consequence of the quantity of blood it con- 
tains, and is frequently at the same time in a state of biliary congestion, which 
probably arises from the sanguineous congestion. Although In the first stage, 
the central portions of the plexuses, and in the second, the greater portion of 
each plexus and those branches of the portal vein occupying the fissures, are 
congested, and although the plexuses are formed by the portal vein ; yet, as 
this form of congestion commences in the hepatic veins and extends towards 
the portal vein, and as it is necessary to distinguish this form from that com- 
mencing in the portal vein, the term of hepatic-venous congestion will net pro^ 
bably be deemed inapplicable to it. Portal-venous congestion is of very rai-e 
occurrence ; I have seen it in children only. In this form, the congested sub- 
stance never assumes the deep red colour which characterizes hepatic-venous 
congestion ; the interlobular fissures and spaces and the marginal portions of 
the lobules are of a deeper colour than usual; the congested substance is con- 
tinuous and cortical, the non-congested substance being medullary and occu- 
pying the centres of the lobules. (Plate XXI. fig. 4.) The second stage of 
hepatic-venous congestion, in which the congested substance appears, but is 
not, cortical, may be easily confounded with portal-venous congestion. 

The physiological deductions arising out of the preceding anatomical facts 
are extremely simple. If it could be shown that two substances exist in the 
liver, it might be fidrly presumed that this organ executes two functions ; but 
each lobule being, in itself, a perfect gland, and of the same structure through- 
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out, each lobule^ and consequently the whole liver^ executes .but one function^ 
the secretion of bile "i^. 

It has been shown that all the vasa vasorum of the liver €U'e branches of the 
hepatic artery and portal vein ; that branches of the portal vein arise in the 
<^oats of the hepatic veins themselves ; and that the veins of the coats of the 
vessels constitute the hepatic origin of the portal vein. The arterial blood 
having circulated through the coats of the vessels, becomes venous, and is 
conveyed by the veins arising in the coats of the vessels into those branches of 
the poital vein which correspond to the vessels in the coats of which the veins 
arise: thus, from the coats of the vaginal ducts, veins and arteries they con- 
vey the blood into the vaginal veins ; and from the coats of the interlobular 
ducts, veins and arteries into the interlobular veins. From the coats of the 
hepatic veins and inferior cava, the blood is conveyed into the interlobular 
portal veins. In the vaginal and interlobular veins, the blood conveyed from 
the coats of the vessels becomes mingled with the proper portal blood. This 
mixed blood is conveyed by the interlobular veins into the lobular venous 
plexuses, in which the lobular arteries probably terminate, after having nou- 
rished the secreting ducts. From the mixed blood circulating through the 
plexuses, the bile is secreted by the lobular or secreting biliary plexuses. 

* M. VoiBiN (Nouvel Aper^ sur la Physiolo^e du Foie) has lately revived an old opinion respecting 
the physiology of the liver. The absorbents of the liver are, according to M. Voisin, of two kinds, 
the lymphatics and the chyliferons vessels : the former arise in the tissue of the liver and ramify on its 
florfaces ; the latter are continuous with the chyliferous vessels of the intestines; tbaj accompany the 
portal vein, and convey a portion of the chyle into the liver, in which, according to M. Voxsix, it un- 
dergoes a certain change, and is conveyed from the liver into the receptaculum chyli by (as it would 
appear from M. Voisik's description) the same vessels. M. Voisin makes no mention of the valves of 
his chyliferous vessels, or of the impossibility of injecting these vessels, €xcept by rupturing the valves, 
from the lesser omentum upwards towards the liver ; but he asks, " S'il n'en ^tait pas ainsi de I'origiue 
et du trajet de ces vaisseaux lact^s, d'oii viendraient ceux qu'on remarque dans le foie, de quelle utility 
lui seraient-ils ?" If the abdomen of a dog be opened during the period'of the absorption of the chyle, 
no part of this fluid will be found in tiie absorbents (the chyliferous vessels of M. Voisin), which leave 
the liver at the transverse fissure and descend, covered by the peritoneum of the right edge of the lesser 
omentum* to enter a lymphatic gland situated near the duodenum. If a ligature be placed on the ves- 
sels near the duodenum, the absorbents above the ligature will, in a few minutes, become turgid; if 
the ligature be loosened, the turgid vessels will soon resume their natural appearance. If the ligature 
be placed on the vessels near the transverse fissure, the absorbents below the ligature, being no longer 
supplied with fluid from the liver, will collapse and be no longer perceptible. 

MDCCCXXXIII. 5 B 
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Tlie blood which enters the liver by the hepatic artery jbifiis three fonctions: 
it nourishes the liver; it supplies the excreting ducts with mucus; and^ having 
performed these purposes^ it becomes venous^ enters the branches of the portal 
vein^ and contributes to the secretion of the bile. The portal vein fulfils two 
functions ; it conveys the blood from the artery^ and the mixed blood to the 
coats of the excreting ducts. It has been called the vena arteriasa, because it 
ramifies like an artery^ and conveys blood for secretion ; but it is an arterial 
vein in another sense, being a vein to the hepatic artery, and an artery to the . 
hepatic vein. The hepatic veins convey the blood from the lobular venous 
plexuses into the vena cava inferior. 

Fbrrein was evidently well acquainted with the hepatic circulation; it is to 
be regretted that his ** M^moire sur la Structure et les Vaisseaux du Foye *" 
was not published. The following account of the vessels is given from his de- 
scription of them. ^* A' Y6g^rd des v£usseaux sanguins, il a observe que les di- 
visions et les subdivisions de la veine-porte donnent deux sortes de rameaux, 
les uns veineux et les autres art^els : il nomme rameaux art^riels ceux qui 
sont connus par leur fimction de porter le sang de la veine-porte dans le foye : 
il a d^couvert les veineux, et ceux-ci re9oivent le sang de Tart^re h^patique, et 
le conduisent dans les rameaux art^riels de la veine-porte, de ceux-ci dans la 
substance m^duUaire des lobules, et de-Ik dans les branches de la veine-cave*/' 
It does not appear that Walter ascertained the termination of any of the 
branches of the artery; he supposed that some branches of this vessel pour ar- 
terial blood into the portal vem ; he says, ^^ Extremitates ultimee arteriarum in 
hepate evanescunt, ita, ut nonnullae earum, partim in cellulosa hepatis interna 
terminentur, hinc illam nutriant, partim sub forma fasciculorum florum, vel 
potius in directione fere stellari in reliquam hepatis sustantiam se dispergentes, 
ranmlos venae portarum perforent, in eorum cavum sese aperiant, ibique tan- 
dem liquidum quoddam ad bilem idoneum magis perficiendam secemunt: 
reliqui rami, ramos venae cavae et ductus hepatici elegantissimo reticulo vascu- 
loso, irretiunt^.*" Of the functions of the artery, the same anatomist says, 
^* Officium ergo arteriae hepaticae duplex erit, vel substantiam cellulosam 



'*' M6moiTe8 de TAcad^mie Royale des Sciences, Histoire, 1733. 
t De Hepate, p. 96, in Annotationes Academics, Berolini 1786. 
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membranasque vasorum hepatis nutrire, vel partem aliquam bill necessariam 
secernere et in ipsam venam portarum deponere *.'' 

. M. SiMoN^ concluded from his interesting and ably conducted experiments^ 
that the bile is secreted from the portal blood alone; and Mr. Phillips arrived 
at the same conclusion from the issue of two experiments in which he tied the 
hepatic artery, the details of which are in the possession of the Royal Society. 
From the issue of three experiments in which the portal vein was tied, and in 
in which bile was secreted, and from the cases related by Mr. Abbrnbthy and 
Mr. Lawrence, Mr. Prilltps concluded that bile might be secreted from ar* 
terial blood alone ;{:• I have shown that the bile is secreted from venous blood 
alone, this blood being composed of the two streams which enter the liver by 
the portal vein and hepatic artery ; and from the anatomical details into which 
I have entered, it is evident that bile will be secreted, but in difterent quantity, 
whether the vein or the artery be tied, and from venous blood in both cases. 
The quantity of arterial blood conveyed to the liver is so small, and death so 
soon follows the ligature of the vein, that in experiments on rabbits and kittens^ 
in which I tied the vein, I cannot say that bile was secreted. 

It appears to have been satisfactorily ascertained by Tibdbaiann and Gmelin ^ 
and by M. VoisiNJI, that the bile is a purely excrementitious fluid, stimulating 
the intestinal canal, but having no influence on the formation' of the chyle. The 
lungs separate from venous blood an excrementitious matter in a gaseous form ; 
the liver, extracting from venous blood an excrementitious fluid, may be consi- 
dered as the abdominal lung. 

A few eminent physiologists, founding their opinion on false anatomicid 
data, on the cases i*elated by Mr. Abbrnethy and Mr. Lawrbncb, and on the 
absence of the hepatic-portal vein in the invertebrated animals, in which the 
liver is supplied with arterial blood only, maintsun that the bile is secreted from 
arterial blood. Since the conclusions contained in this paper respecting the 

* De Hepate, p. 105, in Annotationes Academicse. Berolini 1786. 

t Nonveau Bulletin dee Sciences par la Soci6t^ Fhilomatique de Paris, 1825. Edinbnigh Journal of 
Medical Science, No. 1. p. 229. Birds are better adapted for these experiments than the mammiferoug 
animals, the portal vein in the former animals communicating freely with the posterior cava. M. Sxmok 
performed his experiments on pigeons. 

t London Medical Gazette, June 29, 1833. f Recherches but la Digestion, 2de P&rtie, p. 58. 

I Op. cit. 
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physiology of the liver were first submitted to the Society^ I have been enabled^ 
through the kindness of Mr. Stanley, to examine the liver of the child in 
which Mr. Abernbt^y found that the portal vein terminated in the inferior cava. 
Mr. Abernethy*s account of the case is contained in the Philosophical Trans- 
actions for 1793. Mr. Green, in his anatomical lectures, had always described 
this case, as presenting less anomaly than was commonly supposed. He consi- 
dered tliat the umbilical vein ramified through the liver, that the artery probably 
terminated in it, and that the vein and npt the artery conveyed the blood to the 
secreting part of the liver. Sir Charles Bell also, in speaking of this case, makes 
the following highly interesting observations : ^^ We may observe on this case, 
that it does not prove the bile to be, in the natural economy, secreted by the 
arteries and not by the vena portae ; for the artery here was unusually large, so 
that it performed a function in this instance which it does not usually perform. 
Had the artery been of the usual size, we might then have concluded that the 
vena portse was distributed to the liver to serve some lesser use in the economy 
of the system, and that it did not secrete the bile. The liver, it is said, was of 
the ordinary size. Now as the bulk of the liver is, in its natui-al state, made 
up of the dilated veins, it is some proof of what I should imagine had taken 
place hei*e, that by some provision of the vessels, the ai*terial blood had been 
diffused, and the celerity of its motion checked previous to its ultimate distri- 
bution. Nay, it may have opened into the branches of veins answering to the 
extremities of the vena portse. I conclude, that this singular and interesting 
case may strengthen the opinion which some have entertained, that the extreme 
branches of the hepatic artery pour blood into the extremities of the vena porlae 
previous to this formation of the bile by these veins; but it still leaves us with 
the general conclusion, that the peculiarities in the distribution of the vena 
portse are a provision for the secretion of the bile, and that the branch of the 
aortic system, the hepatic artery, is otherwise necessary to the support of the 
function of the liver *.** 

I examined the liver of this child, which had not been examined by Mr. 
Abernethy, in the presence of Mr. Stanley, Mr. Mayo, and several other gen- 
tlemen, in the Museum of Saint Bartholomew's Hospital. Mr. Abernethy had 
injected the arteries with red, and the hepatic veins with yellow size. As had 
* The Anatomy and Physiology of the Human Body, vol. iii. p. 330. 
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been happily conjectured by Mr. Green and. Sir Charles Bell, we found the 
open and uninjected ramifications of the umbilical vein (the hepatic-portal vein) 
accompanying^ as usual^ the branches of the hepatic artery and duct. By ma- 
king sections of portal canals^ we found the arteries, as Mr. Abernethy had 
described them, much larger than usual. In ordinary cases one principal ar- 
tery is found in each canal ; in this case two, and in some places three arteries 
of equal calibre were found in each canal. The branches of the umbilical or 
portal vein, which are usually so much larger than those of the artery, were 
found, on the surfaces of sections of this liver, to be, as nearly as we could judge, 
equal in calibre to the united dimensions of the two or three arteries which 
accompanied each branch of the vein. Bichat, in support of his opinion that 
the bile is secreted from arterial blood, says, ^^ On dit que le volume du foie est 
considerable, k proportion de Fart^re h^patique : cela est vrai ; mais ce n*est 
pas au volume de ce viscfere qtfil feut comparer celui de cette artfere pour savoir 
si elle foumit les mat^riaux de la s^cr^tion, puisque nous avons vu qu*il est im- 
possible que toute sa substance soit destin^e k s^parer la bile. C'est avec les 
conduits biliaires et leur r^ervoir qu'il faut ^tablir la comparaison : or, cette 
art^re est exactement proportion^e k ces conduits ; il y a entre eux ^peu-pr^s 
mSme rapport qu*entre la r^nale et Furet^re ; au contaire, les conduits biliaires 
sont bien manifestement disproportionn^s k la veine porte *.*' Bichat^s opinion, 
and the argument here offered in support of it^ are completely refuted by the 
dissection of the liver in this case. The branches of the duct were much 
smaller than those of the artery ; in one canal, in which there were three arte- 
ries of equal dimensions, the duct was of about half the size of one artery. 
(Plate XXI. fig. 6.) This case, therefore, does not establish an analogy between 
the biliary organs of the vertebrated and invertebrated animals ; but, on the 
contrary, it shows that the class of monstrosities to which it belongs, forms a 
much slighter deviation from the ordinary vertebrated type than was imagined^. 
Nor does it militate against the conclusions maintained in this paper upon the 
physiology of the liver; although, as Mr. Mayo observed, it cannot be supposed 
that the arterial blood, in its passage through the vasa vasorum into the branches 
of the umbilical vein, underwent the usual change into venous blood ; and it 

* Asatomie Odn^rale, torn. ii. p. 260. 

t MxcKSL, Manad d'Anatomie, torn. ii. p. 538. I.'Oiofpbot Saiht-Hilairb, Kstoire des Ana- 
malies, torn. i. p. 456. 
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was stilly he contended^ arterial bloody though less pure in character^ which 
was conveyed through venous canals into the secreting part of the liver. 

A case^ similar to Mr. Abernethy's^ which was met with by the late 
Mr. Wilson^ is mentioned by Mr. Lawrbncb ^ and Dr. Monro ^. The history 
of this case was lately read at a Meeting at the College of Hiysicians^ by 
Dr. Wilson^ to whom I am indebted for the following particulars. The subject 
was a girl^ thirteen years of age^ who met with her death from an injury of the 
head. The vena port® terminated in the inferior cava ; there were two splenic 
veins, one of which entered the portal vein, and the other the cava near the 
point where it becomes surrounded by the liver. Mr. Wilson says, ^^ I could 
trace no vein passing into the liver at the cavity of the pcHtse ; the remains of 
the umbilical vein were impervious ; I traced them to the entrance of the ports, 
a$ui now regret that I had not traced them sufficientfy/ar to see upith what set 

of vessels they were united. The hepatic artery,'* Mr. Wilson continues, 

^^ came off in a distinct trunk from the aorta, and ran directly to the Uver : it 
was much larger than it usually is, but not so large as the trunk of the vena 
portarum ; it entered the liver as usual The gall-bladder had nothing remark- 
able in its appearance: it was of a size proportioned to that of the Hver, and 
contained more than half an ounce of bright yellow fluid, similar in appear- 
ance to the bile ; it was not, however, submitted to any other test but that of 
sight.'* The umbilical vein in this case wa& obliterated as far as it was traced 
by Mr. Wilson ; but, as in Mr. Abernbtht's case, its hepatic branches were 
doubtlessly open, and received the blood from the artery, which they conveyed 
to the coats of the secreting ducts. No portion of the liver was preserved X* 

While engaged in the examination of the natural structure of the Liver, I 
have not been inattentive to the changes produced in it by disease ; and, with 
the permission of the Society, I propose submitting to its consideration a paper 
on the Morbid Anatomy of this organ. 

* Medico-ChinirgicalTransactioiMB, yoI. ▼. p. 174. 

t Elements of Anatomy, vol. ii. p. 564. 1825. 

t In the case related by Lieutaud after Batthin (Historia Anatomico-Medica), the liver and spleen, 
it is said, were wanting, the portal vein terminating in the inferior cava. The case related by Hubxb 
(Programma sistens Observationes aliquot Anatomicas), which, in the Index to Sakdifort's Thesaurus 
Dissertationum, is entitled "Diaphragmatis Habitus singularis," was, as Mbckbl and Rudolphi observe, 
probably a case in which the hepatic veins perforated the diaphragm previously to entering the caya, 
and not an unusual termination of the portal vein, as has been supposed by some anatomists. 
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ExplanatUm of the PjLATBe. 

PLiiraXX. 

Fig. 1. A. An hepatic vein. 

B. Lobdes arranged around the intralobular branches of the hepatic 
veins^ as they are frequently seen at the posterior part of the 
concave surface of the liver. This arrangement is more distinctly 
seen in the liver of the sheep than in the human liver. These 
lobules are parallel to the sur&ce. 
Fig. 2. Displays the threejsets of branches constituting the hepatic veins. 
Ay A, A. The intralobular hepatic veins. 

By B. The sublobular'-hepatic veinSy in which the intralobular veins ter- 

mioate. 
C, C. Hepatic trunks^ in which no intralobular veins terminate. 
D. The mouths of intralobular veins opening into the sublobular 

veins. 
£• The mouths of small snblobulkr veins. 
F. The mouths of large fiabM)ular veins. 
Fig. 3. A longitudinal section of snblobular-hepatic veins^ with lobules ar- 
ranged around them. 
Ay A. Sublobular^-hepatic veins. 

By B. Longitudinal sections of lobuleSy presenting ^foliated appearance. 

Cy C. The bases of the lobules resting on the sublobular veins, and 

forming the canals containing them. The bases of the lobules 

are connected to the sablobular veins by the intralobular veins. 

D. The external or capsular oocfiBees of the lobules. 

£y £. The intralobular veins running throngh the centres of the lobules. 

F. The projecting processes of the lobuleSy with their veins termi- 

nating in the central vein. The intralobular veins correspond 
in form with the lobuleSy the number of smaller veins being 
equal to the number of processes. 

G. The mouths of intcatobnlnr vehtt iqMsning into the sublobular 

vein. 
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Fig. 4. A. An oblique section of a sublobular-hepatic vein. 
B^ C^ D^ E^ F^ 6. As in the preceding figure. 
H. The bases of other lobules seen through the coats of the vein^ and 
forming the canal in which the vein is contained. The centre 
of the base of each lobule is occupied by an intralobular vein, 
I. The interlobular fissures seen through the coats of the vein. 
Fig. 5. Longitudinal sections of an internal^ and of two superficial lobules. 

A. A sublobular*hepatic vein. 

B. The convex surface of the liver. 

C. An internal lobule, in which the smaller veins are seen com- 

mencing about the middle of the processes of the lobule, the 
substance of which completely surrounds them. The intralo- 
bular vein is also surrounded, except at the base of the lobule, 
where it makes its exit to terminate in the sublobular vein. 

D. Two superficial lobules. 

£. An intralobular vein commencing at the surface of the liver. 
F, F. Two smaller veins, commencing at the surface and terminating in 
6. An intralobular vein commencing at the sur&ce. The superficial 
lobules are perforated by the intralobular veins, and when com- 
pared with the internal lobules, appear as if their upper portions 
had been removed. 
H, H. The substance of the liver, formed by other lobules. 
Fig. 6. A. A transverse section of a lobule. 

B. The divided central intralobular vein. 

C. The smaller veins, terminating in the central vein. 
Fig. 7- A. A transverse section of a double lobule. 

B, B. The smaller veins, terminating in 
C. The divided central veins. 

Plate XXI. 

Fig. 1. A. Angular lobules in a state of anaemia, as they appear on the ex- 
ternal surface of the liver. 
B. The interlobular spaces containing the larger interlobular branches 
of the hepatic duct, portal vein and hepatic artery. 



Digitized by 



Google 



OP THE LIVER. 763 

C. The interlobular fissures^ in which the smaller interlobular 

branches of the hepatic duct^ portal vein and hepatic artery 
ramify. 

D. Intralobular veins^ occupying the centres of the lobules. 
£• Smaller veins, terminating in the central veins. 

Fig. 2. A. Rounded lobules in the first stage of hepatic-venous congestion, 
as they appear on the external surface of the liver. 
B & C. The interlobular spaces and fissures ; they are larger than those 
i*epresented in the preceding figure, and contain more cellular 
tissue. 

D. The congested intralobular veins. 

E. Appearances produced by congestion of the intralobular hepatic 

veins, and of the central portions of the lobular venous plexuses, 
and constituting the medullary substance of Fbrrein, the cor- 
tical substance of Autenrieth, the red substance of MM. Boul- 
LAND, Andral and other anatomists, and the cellulo-vascular 
substance of Mappes. These appearances may be produced by 
injecting the central portions of the plexuses from the hepatic 
veins. 

F. The non-congested marginal portions of the lobules, constituting 

the cortical substance of Fbrrein, the medullary substance of 
Autenrieth, the yellovir substance of MM. Boulland and 
Andral, and the granular substance of Mappes. 
Fig. 3. A. Lobules in the second stage of hepatic-venous congestion, as they 
appear on the external surface of the liver. 
B & C. Interlobular spaces and fissures. 
D. The congested intralobular veins. 

£. Appearances produced by more extensive congestion of the lobular 
venous plexuses. It will be remarked that in this, as in the pre- 
ceding, figure, the intralobular veins and the central portions of 
the lobules are congested, but that, in this figure, the congestion 
is not confined to the centres of the lobules ; that it extends to 
their margins and to those branches of the portal vein which 
ramify in the interlobular fissures ; the congested substance is 
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consequently continuouB^ and the non-congested substance is in 
isolated patches. As the congestion extends from the hepatic 
to the portal vein^ and as those branches of the portal vein con- 
tained in the fissures are smaller than those contained in the 
spaces^ those in the fissures are congested before those in the 
spaces ; the fissures are^ therefore^ in many parts rendered ob- 
scure^ in consequence of the congested state of the smaller 
interlobular portal vems contained in them^ and of the corre- 
sponding marginal portions of the lobules : the congestion not 
having extended to the veins in the spaces^ those portions of 
the lobules immediately surrounding them are not congested. 
Thid is the red or medullary substance of Ferrein^ now appear- 
ing cortical; in the preceding figure it appeared medullary; in 
this^ it is continuous throughout the liver ; in the preceding 
figure it was in isolated patches. This appearance also may be 
produced by injecting the plexuses from the hepatic veins. 
F. Non-congested portions of lobules^ much resembling^ in some 
parts^ transverse sections^ and^ in other parts^ longitudinal sec- 
tions of single lobules. These apparently whole bodies are 
composed of the non-congested^ opposite^ marginal portions of 
three or four contiguous lobules^ the congestion not having ex- 
tended to the portal veins ramifying in the spaces and fissures 
which are seen between the different portions of which they are 
formed. They are of a yellowish white or yellow colour^ ac- 
cording to the quantity and quality of the bile they contain. 
These are the bodies represented by Mullbb^ Tab. XI. fig. 11, 
by M. BouLLAND^ Plate II, fig. 1. and by Dr. Hopb^ figg. 104 
and 105. This is the non-congested^ or yellow^ substance now 
appearing medullary, and in isolated patches; in the preceding 
figure it appeared cortical and continuous. This is the nutmeg 
liver of pathologists^ the hypertrophy of the red substance of 
M. Anpraii. 
Fig. 4. A. The lobules as they appear on the surface in a state of portal- 
venous congestion. 
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B. The interlobular spaces and fissures ; they are of a darker colour 

than those represented in fig. 2, in consequence of the congested 
state of the interlobular branches of the portal vein. 

C. The intralobular hepatic veiils ; containing no bloody they are 

smaller^ and of a lighter colour than those represented in figg. 
2 and 3. 

D. The central portions of the lobules in a state of anaemia. This is 

the yellow or non-congested substance appearing medullary^ 
and arising from non-congestion of the intralobular veins^ and 
of the central portions of the lobular venous plexuses. 
£. The marginal portions of the lobules in a (Congested state. This 
is the congested substance appearing cortical and continuous^ 
as in the preceding figm*e^ but arising from a difierent cause^ — 
from congestion of the interlobular branches of the portal vein 
and of the marginal portions of the lobules. This appearance 
may be produced by injecting the marginal portions of the lo- 
bular venous plexuses from the portal vein. 
Fig. 5. A transverse section of a large portal canal and its vessels. The lo- 
bules are in a state of general congestion^ their central portions 
being more congested than their marginal portions. 

A. Superficial lobules forming the parietes of the canal. They are 

similar to those of the external surface^ being perforated by 
their intralobular veins. Some are observed in which these 
veins do not extend to the capsular surfiu^es of the lobules^ this 
appearance depending on the direction in which the incision is 
made. 

B. Internal lobules not entering into the formation of the parietes of 

the canal. In these lobules the intralobular veins are completely 
surrounded by the substance. 

C. A transverse section of a portal vein. 

D. Vaginal branches arising from the vein^ and dividing into inter- 
lobular branches, which enter the interlobular spaces. 
£. A transverse section of an hepatic duct. 
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F. A viag^nal branch arising from the duct^ and dividing into inter- 

lobular branches which enter the spaces. 

G. The artery. 

H. A vaginal branch arising from the artery, and dividing into inter- 
lobular branches which enter the spaces. 

I. Three interlobular vessels, a duct, vein and artery entering each 
interlobular space. 

J. The vaginal plexus, formed by the vaginal branches of the duct, 
vein and artery. The internal surface of the plexus is in con- 
tact with the large vessels ; its external surface is in contact 
with the parietes of the canal. The vessels forming the plexus 
ramify in cellular tissue, which, with the vessels, constitutes 
the vaginal portion of Glisson*s capsule. The capsule in these 
larger canals completely surrounds the three vessels. 
Fig. 6. Represents a transverse section of a small portal canal and its ves- 
sels. The lobules are in a state of general congestion. 

a. The portal vein, a great portion of which is in apposition with the 
interlobular spaces on the parietes of the canal. 

h. The interlobular branches arising from the trunk and entering 
the spaces, with the branches of the duct and artery, without 
ramifying in the canal. On this side the vein resembles an he- 
patic vein in having no vaginal branches. 

c. Two va^nal branches arising from the vein, and dividing into in- 

terlobular branches on that side of the canal on which the vein 
is separated from the spaces by the duct and artery. On this 
side, the vein, giving off vaginal branches, and being separated 
from the parietes of the canal by the capsule and vessels, re- 
sembles the larger portal veins. 

d. The duct giving off va^nal branches. 

e. The artery giving off va^nal branches. 

/. Three vessels, a duct, vein and artery, entering each interlobular 
space on the surfieu^e of the canal. 
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Plate XXII. 

Fig. 1. A longitudinal section of a small portal vein and canal ; the lobules 
are in a state of anaemia. 
A, A. Portions of the portal canals^ from which the vein has been re- 
moved. The parietes are composed of lobules^ similar to those 
of the external surface of the liver^ separated from each other 
by fissures and spaces. 

B. The poital vein; the lobules and fissures are seen through its 

coats. 

C. Mouths of interlobular veins, which, arising immediately from 

the portal vein, enter the spaces without forming a plexus. This 
portion of the vein, giving off no vaginal branches, and conse- 
quently having no capsule, resembles in these respects an he- 
patic vein. 

D. Two larger orifices. These are the mouths of vagidal Veins which 

enter the canal, and divide into two, three, or more interlobular 
branches. 
£, £. The orifices of small portal veins, which enter other canals. 

F. Vaginal branches arising from the vein and forming a plexus on 

that side of the canal occupied by the duct and artery. These 
branches are seen dividing into branches, which enter the spaces 
covered by the duct and artery. 

G. The hepatic duct, giving off vaginal branches. 
H. The hepatic artery, giving off vaginal branches. 

Fig. 2. A longitudinal section of an hepatic vein. The lobules are in the 

first stage of hepatic-venous congestion. 
A, A, A. Sublobular-hepatic veins, terminating in 

B. An hepatic trunk. No intralobular veins terminate in this vein; 

its coats are not transparent; the hepatic-venous canal contain- 
ing it is lined by a prolongation of the proper capsule. 

C. The capsular surfaces of the lobules forming the canal, in which 

the venous trunk is contained. The veins of these lobules ter- 
minate in a neighbouring sublobular vein. 
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D^ D. The parietes of the hepatie-^venous canals^ a portion of the vein 
having been removed. 

£, E. The orifices of the intralobular veins^ which enter the sublobular 
veins from the centres of the bases of the lobules forming the 
' parietes of the caniil containing the veins. Each orifice is 
situated in the centre of the congested portion (the red sub- 
stance of Ferbbin) of each lobule. 

F. Longitudinal sections of lobules^ the intralobular veins of which 

are seen terminating in the sublobular vein. 

G. The orifices of intralobular veins less closely arranged than at 

E,E. 
H. The capsular surfaces of lobules^ which, with the bases of other 

lobules, form these canals. 
J. The parietes of the canal containing this vein are formed by the 
bases alone of lobules. 
Fig. 3. A. An hepatic duct. 

B, B. The transverse branches of the duct. 

C, C. Branches which ramify in the direction of the trunk. 

D, D. Recurrent branches. 

,£. Smaller branches arising at the angles formed by the preceding 
branches. 
Fig. 4. A longitudinal section of a portal canal, with an hepatic duct and 
its vaginal branches ramifying on the parietes of the canal. 
The lobules are angular and in a state of anaemia. 
A^ B, C, D, E. As in the preceding figure. 

/. A vaginal duct leaving the canal and dividing into interlobular 
branches. 
G, G. Ducts entering smalls portal canals. 

Plate XXUI. 

Fig. 1. Represents the internal surface of a small hepatic duct, with its fol- 
licles aranged in two longitudinal lines. 

Tig. 2. An hepatic vein of the Seal laid open, and showing the circular fibres 
of which its external coat is composed. 
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Fig. 3. Represents the interlobular ducts entering the lobules, and formmg 
the lobular biliary plexuses. 
a. Two lobules. 
by b, b. Interlobular ducts. 
c, c, c. The interlobular cellular tissue. 

d, d. The external porticHis of the lobular biliary plexuses injected. 

e, e. The intralobular branches of the hepatic vein. 
/,/. The uninjected central portions of the lobules. 

' No such view of the ducts as that represented in this figure 
can be obtained in the liver. The interlobular ducts are, in the 
figure, seen anastomosing with each other : I have never seen 
these anastomoses, but I have seen the anastomoses of the ducts 
in the left lateral ligament, and, from the results of experiments 
related in this paper, I believe the interlobular ducts anastomose. 
I have never injected the lobular biliary plexuses to the extent 
represented in the figure. 
Fig. 4. Represents the biliary ducts ramifying in the left lateral ligament of 
the liver. 

a. The left lateral ligament of the liver. 

b. The posterior edge of the left lobe of the liver. 

c. The loose edge of the ligament. 

d. That edge of the ligament which is connected to the diaphragm, 
e, e. Biliary ducts emerging from the liver and ascending to ramify in 

the ligament. 
/. Arches formed by the ducts towards the upper part of the liga- 
ment. 
g. The plexuses formed by the minute ducts. 
Fig. 5. Representing the interlobular branches of the portal vein, the lobular 
venous plexuses, and the intralobular branches of the hepatic 
veins of three lobules. 

a, a, a. The interlobular veins contained in the spaces. 

b, by b. The interlobular veins which occupy the fissures, and which, with 

the veins in the spaces, form venous circles around the lobules. 
This is the appearance which the venous circles present when 
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examined with a common magnifying glass ; they are, how- 
ever, formed by numerous, and not by single, branches, as re- 
presented in the figure, 
c, c, c. The lobular venous plexuses, the branches of which, communi- 
cating with each other by intermediate vessels, terminate in the 
intralobular veins. The circular and ovoid spaces, seen be- 
tween the branches of the plexuses, are occupied by portions of 
the biliary plexuses, constituting the acini of Malpighi. 
rf, rf, d. The intralobular branches of the hepatic veins, in which the ves- 
sels of the plexuses terminate. 
Fig. 6. A transverse section of a portal canal, showing the relative dimen- 
sions of the vessels in the liver of the child, in which the portal 
vein terminated in the inferior cava. 

a. The umbilical, or hepatic-portal vein. 

b. Three arteries contained in the same canal. 

c. The duct. 

a. An hepatic vein. 
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XXX. Some Observations on the Ecommy of Molluscous AmmalSy and on the 
Structure of their Shells. By John Edward Gray, Esq.^ F.R.S., ^c. 

Received June 8, — ^Read June 13, 1833. 

1. First Formation of Shells. 

XhE shells of MoUusca appear to be coeval with the first formation of the 
animal: they may be observed covering the embryo on its first development 
in the egg, even before it has acquired its proper shape or any of its internal 
organs. The accurate Swammerdam observed them in the eggs of several of 
the garden and pond snails. His observations have been recently verified and 
extended by Pfeiffer, on many species of land and fresh-water MoUusca; and 
I have myself observed the same fact in the eggs of several animals belonging 
to the different orders of marine shells : there is reason, therefore, to believe 
that this circumstance is general throughout the class. These observations 
are most easily made on the embryo of the fresh-water shells, such as the 
Lymncece, Physce, Ancyli^ and Bithynice, the eggs of these animals being co- 
vered with a transparent coat; while the viviparous MoUusca, and especiaUy 
the Littorince, Paludinw, and Cyclades *, offer the additional advantage of ex- 
hibiting the embryos of their animals in all the different states of develop- 
ment at the same time. 
The cephalopodous MoUusca form no exception ; their bone, composed of 

* Between the laminae of the branchise of the Anodontes and Uniones are found small cordate, 
bivalve bodies, which have been considered as their young ; but they differ so much in external 
form and internal structure from the adults, that many excellent naturalists, and especially Professor 
Jacobsok, of Copenhagen, have considered them as parasites. It is, however, remaikable that they 
are found in abundance in almost every specimen, and PnirFSB has apparently proyed that they are 
the young, he having found them constituting the umbones of very minute Uniones, 1 have searched 
for them in vain in this situiition ; perhaps because I have never been so fortunate as to discover spe- 
cimens of the young shell so small as those figured by this author. If Pfbxffzb should prove to be 
correct, this remarkable change of form and structure will be the only approach towards a metamor- 
phosis that has been hitherto observed in this class of animals. 
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two or three calcareous plates, being found fully developed in the egg of the 
Cuttle-fish some time before the young animal is hatched. 

These observations are directly at variance with the theory maintained 
by the late Sir Everard Home*, viz., that the shell of the Vermes Testacea is 
formed after the animal has quited the egg ; and as regards the Cuttle-fish, 
they are opposed to the remark, made by the Baron Cuvier, that the young 
Cuttle-fish, when first hatched, has only a cartilaginous plate like the Loligo. 

The shell when first observed on the embryo (even of the animals of spiral 
shells) forms a short, blunt, more or less curved, subcylindrical cone, cover- 
ing the hinder part of its body : as the organization of the embryo becomes 
developed, and the hinder part of the body extended, the shell increases in 
size, till the body and shell together occupy nearly the whole of the egg. 
While inclosed in the egg, the embryo shells are generally of a pale horn 
colour, and destitute of markings : when, therefore, they remain attached to 
the apex of the spire of adult shells, they may be easily distinguished by their 
appearance from the part formed after their exclusion; and as, in such cases, 
they offer some characters of importance, it has been proposed to designate 
them by the name of the Nucleus of the shell. 

The effect of the atmosphere on the shell is almost instantaneous : in some 
young Helices and in a species of Valuta in my collection, the very first line 
ef calcareous matter deposited after their exclusion from the egg is marked 
nearly as the adult shells of the species. 

The nucleus may be generally distinguished from the perfect shell, by the 
rapid enlargement of its whorls, by its extreme tenuity, by its want of colour, 
and by the great obtuseness of that part which is earliest formed and con-^ 
stitutes the extremity of its first volution. It is necessary to pay attention to 
these particulars, inasmuch as the nuclei of some large species have been 
mistaken for full-grown shells, and vice vers&. Thus the Murex decollatus of 
Pennant is the just-hatched shell of the Ikisus despectus; Risso^s genus Orbi-- 
Una is established on the nuclei of two land shells ; and the genus Fitrina 
was regarded by Montagu as the nucleus of the Common Snail. In some 
instances the first half-whorl of the nucleus, (the part first formed on the em- 
bryo,) instead of being regularly curved, is bent across the tip of the other 

* Philosophical Transactions, 1817, p. 229, 
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whorls, as in the Pyramidelloe^ or placed in an oblique position with regard to 
the succeeding one^ as in Valuta pajnllosa and some other species. 

The nuclei of many shells of diflferent genera have not the same characters 
as their parent shells ; thus the nucleus of the Tritons has a short anterior 
nick^ instead of an elongated canal^ and is very like a minute Buccinum. Some 
retain the generic but not the specific character of the group to which they be-» 
long ; thus the nuclei of the Volutes in general have the pillar slightly plaited, 
but the young of Valuta musica has only two or three plaits on its pillar^ while 
the adult has many* 

The nucleus forms the original apex of the valves of all shells whatever may 
be their form^ and frequently remains attached to them during all their periods 
of growth ; this is particularly the case with the Volutes, in which, from its large 
size and rounded shape, it has been called the Nipple. It is also conspicuous 
on most of the species of Dolium and on some Fusi^ among the univalves; and 
on the apices of the valves of the Q/clades, and Chamce^ among the bivalves. 

This part of the shell has not received the attention that it deserves. It is 
largest in those shells the animals of which are viviparous; and is consequently 
very distinct in the Volutw, Paludinas and Ct/clades. In the oviparous species 
it agrees in size with the egg of the animal ; thus Ackatma octwia, which 
has an egg nearly equal in dimensions to the mouth of the shell, and BuUmus 
cvatus and B^ hicarinatus, which have large eggs, have large nuclei, the mag- 
nitude of the nucleus in general rendering the top of the spire blunt. Some 
shells on the contrary, those, for instance, of the genus Stjflina generally, and 
of the Pupa purpurea, have a very long, slender, acute, turreted nucleus, but 
the form and size of the eggs are in these cases unknown. 

The nucleus is found on examination to consist of two very distinct parts or 
coats, the outer of which is membranaceous or horny, and called the Peri-f 
ostracum, and the inner hard and calcareous, and constitutes the Shell. 

These two coats may be observed in all the stages of the shell: they are ge-^ 
nerdlly very thin in the nucleus, and the outer one is rarely distinctly visible 
in that ^tate ; but it is to be clearly seen (covered with five or more bands of 
hair-like processes) in the very young Paludime. In such shells as are enveloped 
in the mantles of their animals, as the DolabeUas^ ApJysue and BuUasas, the 
outer coat or periostracum is very thin; it is, however, to be found in all shells^ 
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and may also be observed on the shelly plates of the Cirrhipedes. In some in- 
stances^ as in the Cowries and Melons^ the outer coat of the shell is covered 
in the adult age with a deposition of shelly matter^ which entirely conceals it 
from view. A few shells^ as for example those of Loligo and Aplysiuy con- 
tain so little calcareous matter, as to appear to be formed entirely of peri- 
ostracum. 

2. The external Farm of Shells, and their Variaiions* 

Each valve of a shelly according to the manner in which it is first formed and 
subsequently increases, is a more or less depressed or lengthened cone. The 
apex of this cone is always oblique: in all the shells with which I am acquainted, 
it is excentric ; and in most of the univalve shells, whether they be simply 
conical^ involute or spiral^ it is directed from the head of the animal towards 
the hinder part. The only exception^ as far as I knowj to this rule^ occurs in 
the genera Patella and Lottia, in which the apex is directed from the hinder 
part towards the head; and this is the more remarkable, as in the Chitons^ the 
animal of which so much resembles that of Patella, each of the valves takes the 
usual direction. The similarity of direction in the two genera above named is 
still more curious^ as their animals bear scarcely any resemblance to each other. 

The nucleus of the bone of the Cuttle-fish and of the Loligo, is placed in the 
same direction ; for it is the conical process at the end of the bone of the 
Cuttle-fish (called Beloptera, when found in the fossil state^) which must be 
regarded as the nucleus of these shells. If^ however^ the relative position of the 
animal of the Nautilus^ the anatomy of which has been admirably described 
by Mr. Owen^ be correctly assigned by that author^ with respect to its shell, it 
must offer a -similar anomaly with the genera Patella and Lottia. The shells 
of the Pteropodes^ as for example Hyakea, Cleodara and Faginella, take the 
same direction as the other univalves; and it was this circumstance that gave 
rise to the supposition that M. de Biainvillb^ in his figure of the animal of 
Cymbulia, had placed it in the shell in the wrong position. The numerous spe- 
cimens which are now in European cabinets have proved the accuracy of this 
supposition. 

In bivalve shells the apex of each valve is always placed on or near the 
dorsal or hinge margin^ varying its position on this part in the different groups. 
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ThuSj in the Pectines and other. suborbicular shells^ which having a very large 
subcentral posterior addactor muscle^ were called by Lamarck Monomyaires^ 
the apex is generally in or near the centre; while in most of the other genera 
it is placed more or less towards the anterior extremity of this margin^ and is 
sometimes incurved. In some of these shells the apex is spirally twisted^ and 
the spire becomes more developed as they increase in size. Now this could 
not take place if the valves remained inseparably united together at the same 
part of the doi*sal margin ; but 'it is provided for by the hinge of the shell 
being gradually moved backwards on the edge of the valves^ the ligament 
separating in front of the hinge into two parts^ one of which diverges along 
each of the umbones^ and forms a spiral groove down the suture of the whorls. 
In Isocardia the umbones seldom make more than half a tum^ but in one spe* 
cimen of Chama in my collection they have made an entire revolution, and in 
another a revolution and a half. The valves of these shells being unequal, the 
spiral part of the lower or attached valve is produced into an elongated cone, 
while in the other it is depressed, and simply marked with a spiral groove, like 
that of an operculum. 

In most bivalves the hinge margin, which is deposited by a part of the mantle 
extended behind and between the teeth, increases in size much more slowly 
ttian the other margins of the shell ; but in some free shells, such as the jircce, 
this part increases nearly as rapidly as the rest, and the umbones thus become 
separated from each other by a lozenge-shaped disk. In others which attach 
themselves to foreign bodies, as the SpondyU and Ostreasy the hinge margin of 
the attached valve only enlarges, forming a triangular flat-topped process, while 
that of the upper valve is scarcely increased in size. Thus the cavity of the 
sheU, as the growth proceeds, gradually retreats from the part by which the 
attachment first took place. 

The direction followed by the whorls in passing down the axis derives its 
origin from that which the shell takes in the egg ; and is probably dependent 
upon the direction in which the embryo rotated whilst inclosed therein. In 
most shells they turn from left to right, and the mouth is on the right side of 
the axis, when the shell is in its natural position ; but in others, which are 
called sinistral or reversed, the whorls are twisted in the contrary direction. 
The sinistral direction appears to be constant in many species, especially 
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among the air-breathing MoUusca ; in all belonging to the genus Clausiiia, 
among the land ones ; and in all the Physw, Planorbes and Ancj/li, among 
those which inhabit fresh water. Bat besides these entire genera, the shells of 
which are invariably sinistral, there are numerous species of BtUimtis, Partula, 
Pupa^ and Chondrusy that are uniformly so twisted ; and there are even some 
that are sometimes twisted in one direction and sometimes in the other, as 
BuUmus Lyonettianusy B. aureus^ &c. Among the marine shells the sinistral 
direction is much more i*are, although there are a few species, such as Fusus 
sinistrorsus of Deshaybs, F. contrarius and F. sirdstratus of Lamarck, and some 
species of Centhia^ which are constantly so contorted. The Pyrula perversa is 
as often found twisted in one direction as in the other, and its shells have even 
been considered as different species according to the direction of their whorls. 
Of other marine species liable to the same variation, I have observed Buccinum 
undatum, which is not uncommonly found reversed ; TurhineUa napusy the re- 
versed variety of which is much sought after by the Chinese ; Oliva oryza^ 
Nassa reticulata and N. Thersites ; but there are some genera in which I do 
not recollect to have noticed its occurrence, as, for example, the Cyprceas and 
Ovuke. 

A bivalve shell is composed of a dextral and a sinistral valve, united together 
by a ligament* When the two valves are separated, and spread out on a table 
with the umbones above, and the front end towards the observer, the valve to 
the right (the left when on the animal and in its usual walking position,) re- 
sembles a dextral, and that to the left a sinistral, very depressed spiral shell. 
This is well illustrated by comparing the left valve of an Isocardia with a Con- 
cholepas. In some very rare instances these shells also are reversed, but the 
fact is not easily observed, except in the unequal-valved kinds. There were 
formerly in the Tankerville collection two specimens of Lucina Childreni, in 
one of which the right valve was a dextral shell, in opposition to the general 
structuite. A much more remarkable variation is to be observed in some of 
those bivalve shells, whose under valve is attached to foreign bodies ; thus, for 
example, most of the Chanue are attached by their left valve, but some species, 
such as Ckama Lazarus, are frequently attached by their right valve, under 
which circumstance the teeth proper to the left and usually attached valve are 
transferred to the right, and vice versft. 
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The equality or inequality of the valves of bivalves appears to be dependent 
on the habitual position of the animal. Thus all the genera whose animals 
bore perpendicular holes in rocks^ like the Pholades; or bury themselves in the 
mud of rivet's, as the Uniones ; or in the sand of the sea-coast^ as the Cardia; 
or walk freely about on the shores^ as the Venef'es\ or are attached by a 
byssus which passes out of a gape formed by the inflection of the margins of 
both valves, as the TridacnoBj Saxicavce and some Arcce, have equivalve shells : 
whilst on the other hand, all those M ollusca whose shells are immediately at-* 
tached by the outside of one of their valves, as the Etherioe, Ostrew, Spondyliy 
Hinnites and Chamee ; or of which the animals are attached by a byssus pass* 
ing through a groove near the umbo of one of the valves only, ajs the Pectines, 
Aviculasy Peda and Anomice ; or which lie free on the sur&ce of one of their 
valves, as the OstrecBj Anatince, and some of the Arcce, are more or less in- 
equivalve. In those inequivalve shells which are attached by the intervention of 
a byssus, this substance passes out through a groove in the right valve, which is 
the smallest ; whilst, on the other hand, in those that are immediately attached 
by the outside of the shell, the right valve is affixed, and the left is the smallest, 
sometimes indeed so disproportionately as to appear like a lid to the othen It 
is only in the families Ostreidce and Anatinidce, which have unequal valves, 
that there are found some genera entirely free, and others which ai*e immedi-* 
ately attached. The free inequivalve shells offer some curious anomalies in 
the relative size of their valves ; nearly all the Anatinidce^ as Anatma, PerU 
ploma and Magdala, having the left valve the smaller, as have also the genera 
Carbula and Sphcenia of the family Myidce ; whilst the other two genera of 
that family, Mya and Pandora, and Lymna among the Anatmida^, have the 
right valve the smallest. 

In the TerebrcUuke and Brachiopodous MoUusca in general, the valves 
being applied to the dorsal and ventral, instead of the lateral, surfaces of the 
animal, their lateral halves are analogous in situation to the right and left 
valves of: other bivalves, and the byssus by which the animals are attached 
passing through a hole in the centre of the dorsal valve, the sides of the shell 
are equal. The dorsal or perforated valve is superior and convex in all the 
genera of this order, with the exception of Discina, in which, the usual position 
of the animal beipg reversed, it is inferior and flattened. 
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In all shells, the young of which I have had an opportdnity of observing, 
the nucleus or shell of the animal when first hatched is regular. The irregu- 
larity in the form of adult shells appears to depend on their becoming attached 
to foreign substances, for it is only among attached shells that any irregularity 
of form is found, and even these are perfectly regular so long as they continue 
free. This explains why irregular shells are more rare among the univalves 
than among the bivalves, as not more than three or four genera of the former 
ever become attached. Good examples of shells which are irregular when full 
grown, although regular in their very young state, may be seen in the genera 
Ostrea, Chama, HinniteSf Magilus, and Vermetus. The very young shell of 
Chama arcinella^ which closely resembles in form a minute Petricola, is fre- 
quently found persistent and constituting the apex of the umbones of adult 
specimens; and so regular is its form, that I have little doubt, were a concho- 
legist to meet with a very young free specimen among the sand of the West 
Indian coasts, that he would, refer it either to the latter genus, or to the genus 
Cardita. In like manner the very young shell of Hhmites pusio, when per- 
sistent in the umbones of the adult, cannot be distinguished from a free regular 
Pecten. 

Many univalves exhibit the same phenomenon : the young Spiroglyphus 
and Magilusy as will hereafter be described, are quite regular so long as they 
remain free ; and the apices of all the Vermeti and SUiquarice show that they 
also are regular in their youth. The apex of the former has indeed been 
mistaken for a regular spiral shell, and described as a TurtiteUa by Lamarck 
and by Dr. Turton. 

Some land shells (for it is only in such shells that I have observed it,) offer 
a very curious anomaly in their form : they are quite regular in their young 
state, but change the direction of their last whorls as they approach maturity, 
and in some cases even reverse the position of the mouth. A remarkable 
instance of this change of direction occurs in a rather common Brazilian 
snail, which is transversely striated in its young state, and exactly resembles 
a common umbilicated snail ; but acquires when adult a smooth last whorl 
much larger than the others, and pressed towards the side next the mouth, 
by which means the axis is bent out of the line, and the umbilicus is com* 
pressed and closed. This obliquity in the form of its whorls gives the shell the 
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appearance of having been slightly crushed^ from which circumstance it has been 
called by Baron FfiaussAC HeUx contusa. A similar departure from the regular 
form is found, in even a greater degree of development, in a minute species 
from the same country, named Helix deformis (Wood*s Supplement, tab. 7* 
fig. 40.) ; and may also be seen in a slight degree in the Helix ctmcamerata of 
Wood's Supplement, tab. /• fig- 21. The last whorl of BuUmus Lafon^tianus is 
compressed on the side opposite to the mouth, and produced into an acute 
angle, which gives the shell a very anomalous appearance. A somewhat anar 
logons deformity, but not so much developed, may also be observed in HeUx 
Auris Leporis. This kind of variation is, however, not confined to the inoper- 
culated land shells, for the Cychstoma compressunij figured by Mr. Wood in his 
Supplement, tab. 6. fig. 42, differs from all others of the genus in its last whorl 
being compressed, although not in so great a degree as in the BtUimus Lyo- 
nettiamis; and in the Cychstoma tortum {Turho tortm of Wood's Supplement, 
tab. 6. fig. 32.) the last whorl is slightly pressed on one side like that of Helix 
contusa, the mouth being produced in front, and nearly in a line with the axis. 

Bat the most remarkable of these anomalies occurs in the genus Anastamus, 
where the mouth of the young shell occupies its ordinary situation in front of 
the whorls, the animal in this early stage doubtless crawling in the usual man- 
ner, with the spire of the shell uppermost ; but as it approaches maturity, the 
end of the last whorl is curved upwards, and the mouth of the perfect shell is 
applied to the upper edge of the last whorl but one, with the opening directed 
towards the tip of the spire, in such a manner that, in walking, the animal 
must crawl with the tip of the spire downwards, arid thus completely reverse 
the position of its shell. A similarly formed shell has been discovered in the 
fossil state, and named Straphastoma, and this, from the roundness of its mouth, 
has been supposed to belong to the family of Qfclostomidoe. 

The axis of most spiral shells is perfectly straight, but the species of some 
few genera, such as Eulima and Styliferj are very liable to have it more or 
less curved or twisted. And this is not the only point of resemblance be- 
tween these two genera, both having the same polished surfiu^e and similar 
.varices on the spire ; but they differ in the degree of solidity of their shells. 
The Siyli/eri live buried in the substance of Star-fish, which may perhaps 
account for their inflections: the habits of the Eulimce are unknown. 

MDCCCXXXIII. 5 H 



Digitized by 



Google 



780 MR. GRAY ON THE ECONOMY OF MOLLUSCOUS ANIMALS, 

The growth of other spiral univalve shells appears never to be thrown out of 
its proper course, except by some accident, such as the interruption caused by 
the occasional attachment of a foreign body, or by a fracture. I have a Fusus 
virgo and a F. colasseus, which are thus bent ; and there are two specimens of 
the common Whelk in the British Museum, the spires of which are very much 
elongated, the elongation having evidently been caused by a fmcture in their 
very young state. One of the latter has been described as a distinct species, 
under the name of Buccinum acuminatum. Sometimes, after the occurrence of 
such an accident to a spiral shell, the form or sculpture of the whorls is en- 
tirely altered : they often become ventricose and smooth, instead of remaining 
thick and ribbed, as in the qommon state of the shell; and this change of form 
has even occasioned shells under such circumstances to be regarded as distinct 
species* As an instance of this I may refer to Cingula alba of Dr. Fleming, 
founded on specimens of l^urbo parvus of Montagu, which had been injured in 
their growth. In Mr. Turner's collection there is a specimen of Terebra ma- 
culata, which had sustiEiined an injury when about an inch and a half in length: 
the whorls beyond this injury are rounded and elevated near the suture, and 
are destitute of the posterior groove. In this specimen the colouring also is 
^ered, for instead of being spotted, the irregular volutions are marked only 
with two narrow posterior spiral bands. 

A distortion or change of form, caused by a fracture or other accident, is 
sometimes overcome, as the animal increases in size and recovers its strength. 
Thus a specimen of Strombus bituberculatus in my collection, which had met 
with an accident in its young state, has the five upper whorls sharply keeled 
and nodulous, as in the ordinary state of the shell, but the volutions formed 
after tlie accident turn more obliquely down the axis, and thus their anterior 
part becomes more exposed, leaving a deep narrow groove on the sutui'e. The 
first half- whorl that succeeds the fracture is rounded and distinctly tubercular; 
after which the shell continues rounded, but quite smooth for a whorl and a 
half; when it again becomes slightly tubercular, and at length keeled and tu- 
bercular, the last whorl exactly resembling the last whorl of the normal shell. 
The collection of Mr. Lincolne of Highbury contains a specimen of Cassis 
rufa in a very similar state. 

The shape of attached shells depends greatly on the form of the bodies to 
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which they are applied ; and this is a circumstance that has been generally 
overlooked by conchologists. It strongly affects most shells that are iminedi-^ 
ately and permanently attached, such as the Chamce and Ostreoe, which com- 
pletely assume the form of the substances on which they grow. Thus the 
Chamce and Spondyli attached to the plane surface of mother<-of-pearl shells 
have always a flat side, whilst those which are adherent to coral and to other 
uneven surfaces are variously and irregularly shaped. The Oysters which are 
attached to the branches of mangrove trees have a central convex rib, modelled 
on the shape of the branch, from which the plaits of the shell i*adiate ; while 
the specimens of the same species fixed to the trunk are destitute of any such 
peculiarity. In the collection of Mr. Adamson of Newcastle there is a curious 
specimen of a common Oyster found in the Frith of Forth attached to a species 
of Pecten ; on the latter there also grew three corallines, surrounding the ( Oyster, 
which have formed in its circumference three deep notches, giving it the form 
of an ace of clubs. The same changes may be observed to take place in the 
AnamicBy which are attached by the intervention of a ligamentous band; thus 
the species called Anomia squamuta is founded on young shells of the common 
A. ephippium attached to flat surfaces ; whilst A. cymhiformis is characterized 
from small specimens of the same shell attached to the cylindrical spines of sea 
eggs, or to the stems of sea weeds. 

A similar influence is also observable in such free univalve shells as have a 
widely expanded mouth, and an animal provided with a large foot, by means 
of which they remain for a considerable length of time adherent in the same 
situation. When a Patella or a Crepidula has attached itself to the flat surface of 
a rock or the leaf of a large FucuSy the base of its shell is flat, and its mouth 
roundish ; when it adheres to a concave surface, such as the cavity of an old 
shell, the base becomes flattened, and convex internally; and when it fixes itself 
on the rounded stalk of a Fucus^ the sides become compressed so as in some 
measure to clasp the stem, and the latei*al portions of the base project beyond 
the front and hinder parts, to such an extent that when placed on a flat surface 
it rocks backwards and forwards. Several nominal species of these and allied 
genera depend on variations in the shape of the shell caused by the adhesion 
of the animal to surfaces of different forms; thus the Patella pelbicida of Mon- 
tagu is synonymous with the P. ccsrulea of the same author, Che former having 
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been founded on specimens taken from the stalk, and the latter on individuals 
obtained from the flattened frond of the Fucus on which the species usually 
takes up its abode : it is indeed by no means rare to find specimens in which 
the animal has moved from one of these positions to the other, and in such 
cases the apex of the shell represents P. cacrulea and the base P. peUucida, or 
vice versk. The same change takes place with regard to P. miniata and P. com- 
pressa. I have in my collection a specimen of this latter shell which is P. mu 
niata at the top, it having in its youth lived on the frond of a large Cape fUcus : 
it afterwards removed to the stem, and became compressed, and consequently 
is in this part the P. campressa ; but by some accident it was again induced to 
change its situation, and, removing to a flat surface, the edge of the mouth 
expanded, and it became a second time P. miniata^ or perhaps what may be 
called by some authors P. saccharina, as this also appears to be a conical va- 
riety of the same species. Lamarck has described a similar specimen ; and 
Mr. SowERBY, in his Genera of Shells, hajs figured an example of this species, 
showing the two states. In like manner the Crepidula porceUana, when applied 
to a flat surface, has an expanded base and a flattened inner lip ; but when ad- 
herent to a convex body, such as the stem of a sear-weed, or (as frequently hap* 
pens) to the back of another shell of the same species, the animal being pressed 
into the cavity, the inner lip becomes concave, and the sides of the aperture 
are contracted: in this state the shell is called by most authors C./omicata. 

When the shells of this family are adherent to irregular surfaces, they adapt 
their margins to the inequalities with which they meet. I have several speci- 
mens from the coast of Devonshire, having one or more processes on their 
sides, which fitted into holes in the rock to which I found them attached; and 
such changes are the more remarkable, as some specimens are seen constantly 
moving from place to place, whilst others appear to remain for a long time 
fixed in one spot, and even those that are thus stationary in the young state 
constantly elevate the margins of their shells when the tide is low. I have also 
a specimen of Siphonaria gigas exhibiting in a great degree a similar adap- 
tation of its edges to the form of the rock on which it grew. 

The substances to which attached shells become adherent, besides alter- 
ing their general form, often change the character of their surfisices ; thus, 
when fixed to ribbed shells, like the Pectines, Cardia^ &c., they are frequently 
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variously ribbed^ a circumstance which often takes place in the common Ano^ 
mice ; and if attached to a Dolium, as in a specimen in the collection belonging 
to Mrs. Maugbr^ they even exhibit on their own surface the alternate broad 
and narrow ribs of that shell. In specimens of Crepidula adunca attached to 
Trochus doiiarius, (and inhabiting the same locality^ they are not unfrequeiitly 
so attached,) the convex part of the former is marked with the ribs of the latter. 
Shells which are ribbed from this cause are, however, easily distinguishable 
from those which are naturally ribbed, the ribs in the former generally extend- 
ing across or along the shell, and not radiating from its apex or nucleus, as in 
all shells the natural character of which is to be ribbed. In those which ad- 
here to ribbed shells by the foot of their animal (as in most of the univalves), 
and are therefore capable of being moved from place to place, the young animal 
may have lived on a smooth surface, and have had a smooth shell ; and may 
have moved, during its growth, to a ribbed body, producing ribs on the later 
formed part of its shell, or vice versft. In a specimen of Crepidula adunca^ for 
example, in the British Museum, the upper half of the shell is smooth, and the 
lower half ribbed; and I have seen specimens, on the contrary, in which the 
apex was ribbed and the base smooth.. This change of form has, however, 
misled some conchologists, for Dr. Bronn, of Heidelberg, has founded a genus 
under the name of Brocchia, on a specimen of Capulus^ which had acquired a 
ribbed surface in consequence of having been attached to a Pecten or to some 
other radiated shell. 

These alterations of form and surface are always most distinct in univalves 
and in the upper valve of bivalves. In the latter case, the edges of the upper 
valve being produced beyond those of the under, they are immediately moulded 
on the surface of the substance to which the shell is attached, whilst the under 
valve simply covers it over. This is well illustrated in the unique specimen of 
Hinnites gigantea in the collection of the British Museum, which must have 
been attached to some marine body having a Serpula growing upon it. There 
is merely an irregular convexity in the inner part of the under valve, but on 
the outer surface of the free valve is to be observed a representation of the 
whole form, and of almost the entire surface of the Serpula^ in consequence 
of the edge of that valve, during each deposition of shelly matter, having rested 
on the worm-shell. In the collection of Mr. Lincolnb is a specimen of an 
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Oyster which, haviDg been attached to a plank covered by a number of Balani 
and SerpulcBj has the upper valve marked with prominences, exactly agreeing 
in shape with the substances concealed beneath the under one. The edges of 
the valves of Barnacles being very closely affixed to the surface of the sub- 
stances to which they are attached, it appears that they not only assume the 
form of the larger prominences, such as the ribs and spines of a shell, but 
also the most minute differences of its surface. A Barnacle in my collection^ 
which had been fixed to a Scollop {Pecten suborbicularis), has not only the ribs 
of the latter marked across its valves, but the whole surface of the prominent 
part of the valves is covered in addition with minute rugosities, produced by 
the small projecting scales which cover the surface of the ribs of the Pecten, 
whilst the articulating portion of the valves is smooth, as in the common 
state of the species. In another similarly ribbed specimen the articulating 
portions are also ribbed like the rest of the valves ; and in a third, which was 
found on a piece of roughly planed and loosely textured wood, the surface of 
the valves bears an exact resemblance to the grain of the wood on which the 
specimen was attached. 

The thickness, the roughness, and the smoothness of the surfaces of shells 
appear to depend, in a great measure, on the stillness or agitated state of 
the water which they inhabit. The species of our own coast afford abundant 
instances of this : the shells of Buccinum undatum and B. striatum of Pennant 
have no other difference than that the one has been formed in rough water, 
and is consequently thick, solid and heavy ; and the other in the still water 
of harbours, where it becomes light, smooth, and often coloured. In the same 
way the specimens of Purpura Lapillus, which inhabit sheltered situations, 
are covered with small arched scales, whilst those found in exposed places 
are thick and nigose. Lamarck, not being aware of this circumstance, consi- 
dered the specimens in the first state as a distinct species, which he named 
Purpura imhricata. The English shells of the genus Pirma (and doubtless the 
foreign ones also,) offer the same variations, which have given rise to similar 
subdivisions of species. Shells which have branching or expanded varices, like 
the Muricesy are also much influenced by these circumstances; and hence 
many mere varieties, arising from local causes, have been considered as 
distinct species. Thus Murex anguiifer is merely a Murex ramostts with 
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simple varices ; and Murex erinacetis, M. torosus, M. suhcarinatusj M. cingu^ 
liferusy M. Tarentinus and M. polygomis^ are all varieties of one species. 
Murex Magellanicusy when found in smooth water, is covered with large acute 
foliaceous expansions ; but the same shell living in rough seas is without any 
such expansions, and only cancellately ribbed. In such situations it seldom 
grovra to a large size ; but when it does so, it becomes very solid, and loses 
almost all appearance of cancellation. Triton maculosus is very widely spread 
over the ocean in diflFerent temperatures and different kinds of seas ; it conse* 
quently offers a multitude of varieties both in size and surface, all gradually 
passing into each other, and most probably produced by the operation of the 
foregoing causes. Indeed, a vast number of merely nominal species have been 
formed from the habit, too prevalent among conchologists, of describing from 
single specimens, or even from several individuals brought from the same 
locality, which would never have been considered as distinct had collectors 
kept in their cabinets a series of specimens found under different circum- 
stances, and studied, on the coasts where they are found, the variations which 
shells undergo. 

Those shells which are attached to rocks, either immediately by their outer 
surface, or by the intervention of a beard, are most acted on by these causes : 
thus the j4nomice found in protected places are thin and transparent, while those 
which inhabit exposed situations are thick and nearly as opake as the shell of 
an oyster; and the under valves of the Cranice which are affixed to the branches 
of coral are very thick and solid, while those that adhere to thePinruB and other 
flat shells are so thin as to have been overlooked by conchologists, who have 
repeatedly described their upper valve as a species of Patella. 

Boring shells are greatly influeniied in regard to their sisSe, thickness and 
form by the hardness or softness of the rock in which they are found: thus the 
specimens of Phdlas dactj/lus found in the soft rock of Salcombe, are large and 
thin, and ai-e covered with beautiful, regular, arched scales; while those found 
in the hard rock are small, irregular, thick, with a very wide anterior gape and 
large dorsal valves, and closely wrinkled externally, but almost or entirely des- 
titute of scales : and the Saxicavce, found in hard limestone, are often curved 
and otherwise distorted, in order to avoid the harder parts of the rock during 
the process of boring. 



Digitized by vnOOQlC 



786 MR. GRAY ON THE ECONOMY OF MOLLUSCOUS ANIMALS, 

Land shells are much inlBuenced, as regards their size, by the temperature, 
altitude, and abundance of food, of the country in which they are found* Spe- 
cimens of Helix arhustcrum from the Swiss Alps, are not one half the size of 
those of the neighbourhood of Liondon ; the shells of Helix nemoraUs and 
H hortensisj found in the last-named locality, are not above two thirds the 
size of those which occur in Portugal and in the South of France ; and there 
is so much difference in size between individuals of Bulimus rasaceus found 
on the coast and on the mountains of Chili, that the latter have been de* 
scribed as a distinct species under the name of Bulimus Chilensis. There 
would be no difficulty in multiplying examples of the same kind. 

It is not so easy to determine the influence of climate on marine shells, 
although there is little doubt, from the great differences of size observable be- 
tween specimenA of the same species, brought from different localities, that it 
actually exerts considerable power. Indeed, I have been enabled to mark this 
difference in some of the shells found on our own coast. The specimens of Lit* 
tarina petrcea found on rocks with a southern exposure near Torquay, are larger 
than almost any others which I have met with in England ; but the largest of 
this species that I have seen, occur on the part of the Breakwater at Plymouth 
next the sea, where they are much exposed to the sun. The latter are twice the 
size of any that I found on the northern face of that magnificent structure. 

The colouring of many shells evidently depends on the degree of exposure 
to light, air, heat, and the action of the waves to which they may have been 
subjected. Thus, among the PateUas and Crepidulce, those which are attached to 
the stems of Hid or other round bodies, and are thus exposed on all sides, are of 
a dull colour, or nearly colourless. This is well exhibited in the specimen of 
Patella mtniata before referred to, which had changed its place of attachment 
twice during its growth; the two portions of the shell formed while the animal 
was affixed to a flat substance being white, beautifully varied with bright red, 
(the general colour of P. mimata), whilst the! central portion of the shell is of a 
dirty yellow, with a few indistinct, reddish dots, like the ordinary specimens 
of P. compressa *. In like manner P. pellucida when obtained from the stems 

* Such exposed sbells are very rarely brighdy coloured ; but a Bpedmen of Patelia compresMa {at* 
merly in the collection of the late Earl of Takkxbvxllv, but now in that of Mr. Lxncolns, is coloured 
nearly at brightly at P. mmiata. 
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of Fuci is of a pale horn colour, whilst the same shell, on the leaves, is of a 
beautiful purple with longitudinal pale blue lines. The thinnest specimens of 
a species are generally the best coloured. The light certainly exerts consider- 
able influence on the strength of colour, even in marine shells ; and it appears 
to be owing to its modifying power that many Nassce, Buccina, NaticcBi Cyproecej 
and other littoral shells, have the back part much darker than the rest. This 
is particularly the case with Nassa glansy Naticd castaneay and several Cow- 
ries, as Cyprcea stoiida, C. errones^ and C. cauricay which have always an irre- 
gular bright red spot on the back of the body volution. 

The colour of shells is generally disposed in rays^ streaks, or bands, arising 
from the nucleus and extending to the circumference; in the spiral shells the 
lines of colouring consequently follow the direction of the whorls. The rays 
vary greatly in size; they are sometimes interrupted, and they generally become 
wider as the shell grows larger. 

These coloured bands are evidently deposited by glands placed on the mar- 
gin of the mantle. Sometimes the action of the glands is interrupted, and the 
bands are broken. In a few shells this suspension of the action of the glands 
takes place at regular and very short intervals, in which case there is formed a 
chain-like band, as in Marginella catenatay certain Cones, and some other shells. 
In the Vobdasy OlivcBy Com and some CassideSy the colouring often forms angu- 
lar lines, so disposed^ that the glands which deposit it seem to have receded 
from each other, and then again contracted together. Sometimes, as in OUva 
tesseUatay for example, these lines are broken into spots ; but even in this 
species some specimens exhibit the spots united into angular lines. 

In general the colour is situated on the outer coat of the shell. It is often 
deposited on the inner side of the outer layer, as in Strombus bituberculatusy 
and sometimes extends a little into the outer part of the middle layer; but I 
do not recollect to have ever seen it pervade the whole thickness of this 
coat. This circumstance leads me to believe that the colouring matter is 
generally deposited by the glands immediately after the deposition of the 
calcareous particles on the periostracum, and during the formation of the 
outer coat which, as will be seen hereafter, is always deposited before tha 
two inner ones. 

This situation of the colouring matter explains the reason why many shells, 
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such as the Olives and Cones, are darker when their outer coat is removed; as 
is particularly the case with Oliva utricuhiSy which is often sold in that state as 
a different shelL There is reason to believe that Lamarck was deceived by a 
specimen which had been so mutilated, and which he described as a distinct 
species, under the name of O. harpiformis. 

The belts across the whorls of the OUvce and Ancillarice have the coloured 
matter deposited on their inner surface. In a few shells, the Olha porphjfria 
for example, some of the more distinct coloured lines even form raised ridges 
on the outer surface ; and in some others the inner layer is darker than the 
outer. Thus in OUva tessellata and O. Uneolata^ and in some Cowries, the inner 
layer is purple; in O. ispidula, brown; in Turbo ckrysastamus and T. Nicoba- 
ricusy bright golden; in Capulus Hungaricusy in Strombus gigasy and in many 
others, pink : but it is generally much paler, and in the greater number of 
shells white or colourless. 

Some brown shells, such as the Volutes, become white when touched with a 
hot iron: there was formerly in the Museum at Paris a specimen of a Melon, 
marked in this manner with close series of white spots. The purple colour of 
some shells is also changed under a similar treatment to dusky red ; and it is 
by this process that the red spots are formed on the polished muscle-shells and 
uncoated Nutmeg Cowries, which are so abundant in the shops. A very curious 
effect is produced by ink on some purple shells, which I have seen only in in- 
dividuals of that colour. On the receipt of the Cracherodb collection of shells 
at the British Museum, my uncle. Dr. Gray, wrote on each of them with a 
pen and ink the number of the catalogue and the name of the species. In many 
instances, although the ink has been washed off, the name and number are still 
distinctly visible, forming an evenly raised letter as broad as the ink line, and 
slightly interrupted, as if by bubbles, in a few places. This is particularly visi- 
ble in the specimen of Solen diphos. No. 18Q. in that collection. The effect, 
however, is not produced in all shells of this colour, nor even in some of the 
same natural genus which were written upon at the same time ; but as I have 
observed it in a few other purple shells, and as I have not met with it in any of 
a different colour, I am inclined to think that the nature of the colouring mat- 
ter may have some share in its production. 
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3. The Structure of Shells. 

Shells exhibit^ when examined, two very distinct kinds of structure: in the 
one case the calcareous particles of which they are formed are crystallized, in 
the other they are granular. These differences in structure coiTCspond with 
differences in their chemical character, the shells in which the lime is crystal- 
lized appearing to contain less animal matter than the others. The primary 
division of shells according to their structure consequently agrees with the di- 
vision proposed by Mr. Hatchbtt, in his paper on their chemical composition; 
the porcellaneous shells of that distinguished chemist being crystalline, and 
the nacreous granular. 

Shells of the crystalline structure are themselves of two very distinct kinds ; 
the crystals being rhombic in some, and prismatic in others. 

Those of the rhombic crystalline structure exhibit, when broken, three 
distinct layers of calcareous matter. On examining fragments of most of the 
spiral univalves, there will be observed on two of the fractured sides of the 
cubic pieces into which they generally break, flat surfaces on the inner and 
outer edges, separated from each other by a shelving portion in the centre ; 
and on the two intermediate broken sides shelving external and internal edges, 
connected by a flat central portion ; these differences of surfoce being pro- 
duced by the different position of the crystals of the different layers. 

Each of the three layers thus rendered obvious is composed of very thin la- 
minae, placed side by side, as high as the thickness of the plate and perpendi- 
cular to its surface. When these laminae are minutely examined, they will be 
found marked with obscure oblique lines ; in the direction of which they sepa- 
rate, when broken, into long narrow rhombic crsrstals. The lines of cleavage 
in the succeeding laminae are placed in contrary directions^ so that when two 
of these plates united are examined under the microscope, the lines of cleavage 
appear to cross each other at right angles, whilst those of the alternate laminae 
follow the same direction. 

The laminae of the outer and inner plates are always directed from the apex 
of the cone of which the shell is formed towards its mouth ; in the spiral shells 
they consequently follow the direction of the spire. On the contrary, the la- 
minae of the plate situated between the other two, form concentric rings round 
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the cone parallel with its base, and cross at right angles those of the inner and 
outer layer. This decussation of the laminae of the plates, and of the cry- 
stals of the laminae themselves, adds considerably to the strength of the shell, 
and accounts for the great difficulty that is found in breaking many shells of 
this structure, more especially the Cones and Olives, in which, however, nearly 
the whole of the strength resides in the outer whorl and in the spire. 

A good illustration of this structure may be obtained by examining with a 
pocket-glass the fractured edge of a Cone, Olive, or other spiral shell, in which 
the extremities of the laminae of the outer and inner plates, and the sides of those 
of the central layer, or the converse, will be observed, according to the direction 
of the fracture ; the extremities of the laminae showing the angles of the crystals, 
while their sides, when closely examined, will often exhibit the crystalline flakes. 
In order to observe the lines of cleavage, the best mode of proceeding is to bruise 
part of a shell with a hammer, and to examine the fragments moistened under a 
microscope, until one is discovered which exhibits two laminae in conjunction. 
The plates and their structure are also well seen in the polished surfaces of 
shells which have been slit or ground down to exhibit the internal structure 
of their cavity. The relative thickness of the three plates varies in different 
species ; but as far as I have yet examined, the central plate is generally rather 
the thickest, and the outer one the thinnest. The Italian cameo cutters appear 
to be aware of this circumstance, and avail themselves of it in cutting the 
cameos, the ground being always formed of the innermost layer of the three, 
which is also generally the most transparent. 

The layers increase in thickness from their inner to their outer edge, each of 
them being formed by successive depositions of thin coats of animal and cal- 
careous matter on its inner surface until it acquires the proper thickness for 
the shell, the outermost edge of which is very thin, and has during the pro- 
gress of the growth little calcareous matter, but gradually passes into the peri- 
ostiticum. 

This accumulation of calcareous particles, deposited at various times and ne- 
vertheless forming the same crystals, is well illustrated in the prismatic crystal- 
line shells. These are also evidently formed of several layers, which in some 
instances, as in the Pinnasy are distinctly separate from each other: if, however, 
the shell be cracked transversely to its layers, the crystals will be found conti- 
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naed across the line which separates them. An analogous structure exists in 
some minerals^ the Haematite for instance^ the balls of which appear to be 
formed of separate concentric coats^ but nevertheless when they are broken ex- 
hibit the crystals radiating from the centre to the circumference without inter- 
ruption. 

The plates of which the rhombic crystalline shells are formed are deposited 
in succession, each gradually increasing in thickness as the shell enlarges, and 
undergoing no variation in this respect after the deposition of the succeeding 
coat has commenced. That the coats are deposited in regular succession, may 
be seen by examining the lip of any shell which has been taken whilst the ani- 
mal was increasing its size. At this period the lip will be found gradually 
shelving and becoming thinner from the inner to the outer edge, the innermost 
part being formed of three, the next of two, and the outer and thinnest part, 
which is always the first formed, of only a single layer. This is best seen by 
making a section of the lip of a Strombus or a Cone along one of the spiral 
grooves, in which, if the polished edges be examined, the layers will be distinctly 
seen. When the animal is about to make its periodical stoppage of growth, the 
second, and afterwards the innermost layer is deposited up to the edge of the 
mouth, which is thus completed. 

In the Olivce, Ancillarice, and some Volutasy which have, at all periods of 
their growth, a polished surface, (now known to be caused by their shell being 
more or less immersed in the large foot of the animal,) the outer layer, although 
equally crystalline, is very thin. It is harder and much more compact than 
the others, and between it and the central layer is deposited an opake, white, 
powdery film, which often causes it to break off in splintery flakes, while the 
rest of the shell separates into fragments, generally more. or less cubical, their 
shape depending, doubtless, on the rectangular disposition of the laminae of 
which the plates are formed. 

Some Olives, as Oliva utriculus, O. undatellaj and O. acuminata, have an 
additional band, in structure and hardness resembling the outer coat, forming 
a belt over the latter, across the front of the whorls ; and some Ancillarice, as 
Andtlarla marginata, have also a similar belt placed on the back of the volu- 
tions. 

When the animals of many of the shells of this structure arrive at their full 
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size, or when they form the successive mouths of their shells at their periodical 
stoppages of growth, they deposit a considerable number of layers of shelly 
matter, either on the lip or on the pillar : these layers are formed of laminae 
disposed in the same manner as those of the innBr layer of the body of the shell, 
and, indeed, may be considered as repetitions of this part. 

The animals of some genera, as for instance Cyjraea^ Ovula, EratOy and Mar- 
ginellay deposit, at the same period, on the outside of their shells an additional 
coat covering the lip and back, which may also be considered as a continuation 
of the inner layer, since it agrees with this layer in the position of the laminae: 
it changes its character, however, on becoming external, being harder, more 
compact, and often differently coloured. In all these cases the sides of the 
mantle of the adult animal are expanded into wing-like processes, which are 
reflected over the shell, and deposit the additional layer. In the Cyprcece, 
Erato, and Ovula, in which the lobes of the mantle are large and nearly meet, 
there is left a differently coloured line at the place of their junction, which, on 
account of the left lobe of the mantle being usually the largest, is generally 
situated on the right side of the back, and is called the dorsal line: this line is 
not observed on the Marginellcdy the lobes of the mantle being in them less de- 
veloped, and leaving a broad uncovered space on the back. 

It is probable that the polished coat of the Siruthiolaria oblita is formed in 
the same manner, but the animal of this shell has not been examined. From 
the reflected form of the lip, however, in other species of that genus, and from 
the edges of the mantle in the other genera of the family of Stromhidce (to which 
Siruthiolaria evidently belongs,) becoming developed when the animal attains 
its full growth, as is proved by the expansion of the lips of the Stromhi and 
the lobed form of those of the Pteroceras and Bostellarias, it is easy to suppose 
that its lobes may even become completely reflected. 

The species of C^/mbium, when fully grown, or under particular circum- 
stances, are often covered externally with an additional glazed coat, which is 
apparently deposited by the foot, as the animals of these shells do not appear 
to be provided with large lobes to their mantle. This coat being deposited 
over the periostracum, is liable to be broken off. 

There is deposited on the sides, and more especially in the posterior pai*t, of 
the cavities of the upper whorls of many of the spiral univalves, a transparent 
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calcareous concretion^ which lines^ and more or less fills up the cavity. This 
deposit may be observed lining the cavity of the upper whorls of Mitra episco- 
palisy Triton pileare, Cassis gUmca, Valuta hebrcea, and several other shells. 
In some, which have an elongated acute spire, as in the various species of 
Fasciolariay and in the turreted shells, such as the Terebrce^ Cerithia and Ttir- 
ritelloBj it entirely fills the cavity of the tips, which, from their small size and 
original thinness, would otherwise have been liable to be broken. Its deposi- 
tion is not confined to adult shells, for I have observed it filling the cavity of 
the upper volutions, and lining the succeeding ones, in a slit specimen of a 
young Strombus gigas in the possession of Mrs. J. P. Atkins, to whom I take 
this opportunity of expressing my thanks for her kindness and liberality in 
allowing me to examine the numerous dissected shells in her collection. 

In those Volutes which retain the nucleus (or that form which the shell has 
when first hatched,) that part, which was originally very thin and brittle, is 
speedily filled up with the deposit in question. In fact, all shells whose spires 
are exposed, and, being thin in their young state, would be liable to be broken 
off by the action of the sea, have that part strengthened by the internal deposi-* 
tion of calcareous matter. 

The distinction between these and the decollated shells, such as Bulimus 
decoUatus^ Cerithium decollatuniy &c., is, that in the latter, the animal, instead 
of lining the upper whorls with an internal coat, suddenly withdraws its body 
from them and forms behind its extremity a concave septum ; and the vital 
communication between the body and the apex of the shell being thus cut 
off, the latter part decays, in the manner of a dead shell, and falls off in par- 
ticles*. 

The greatest development of the deposit mentioned above is to be observed 
in the genus Magilus, in which the young shell is very thin, shaped like a 
Purpura and of a crystalline texture; but when the animal has attained its full 
sizer, and has formed for itself a lodgement in a coral, the greater part of the 
cavity of its shell is filled with a glassy substance, leaving only a small conical 
space for the reception of its body : layer after layer of this substance are then 
deposited in rapid succession, in order to keep the body of the animal on a 

* M. DB Blaikyillb refers the decollation of the spire to the inner surface of the cavity of the 
shell becoming filled with a yery brittle glassy deposit. 
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level with the top of the growing coral in which it is buried, until its shell is 
almost lost in the quantity of glassy matter subsequently formed. 

The shells of the prismatic crystalline structure exhibit, when broken, a 
quantity of short fibres perpendicular to the surface : when examined, these are 
found to be mostly hexagonal prisms, with a few smaller polyhedral prisms in- 
terposed. This structure, which has been repeatedly described, is to be observed 
in the tube of the large Teredo from Sumatra, in the vitreous deposit of Magi- 
ItLSj and in many bivalves, especially those which belong to the families of Myti- 
lidos and Aviculidce^ as the PinncBy Mother-of-pearl shells, &c. ; and it may like- 
wise often be seen in fossil shells, such as the Inoceramusy fragments of which^ 
exhibiting this structure, are frequently found imbedded in flints. 

On the other hand, shells of the concretionary structure exhibit, when broken, 
a nearly uniform texture : they separate, when heated, into numerous thicker 
or thinner laminse ; and when digested in weak muriatic acid, the lime is dis* 
solved, leaving a gi'eat number of thin plates of animal matter, which retain the 
original shape of the shell. In general, the plates of which these shells are 
composed are very thin, and closely applied to each other, forming by their 
union a hard and compact texture. 

The pearly or iridescent lustre appears to be confined to shells of this tex- 
ture, in which it is very general ; a circumstance which induces me to believe 
that this lustre depends in a great measure on the thinness and number of the 
laminse of which the shell is formed *. 

This variety of structure is found to constitute the whole shell of the Arumdot 
and PlacufUB; and to form the inner coat of those shells which have pearly in- 
sides, as the Turbines, HaJhtides^ Uniones, &c., as well as the laminar portion 
of the Pinnce and Mother-of-pearl shells. 

When such shells disintegrate, they separate into very numerous thin la- 
mellar scales of a pearly grey colour and silvery lustre. The Chinese are aware 
of this circumstance, and use the particles of the disintegrated Placunas as sil- 
ver in their water-colour drawings. I have myself used some of this silvery 
powder, brought to England by Mr. Reeves, for the same purpose, in co- 
louring the figures of fish, with good effect: it is not quite so brilliant as the 

* The iridescence of the 7}iiirUneUa prismatica and of BuHmm cactwcrtn appears to dqiend upon 
the textore of the periostraciim. 
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powdered leaf metal^ but it has the advantage of not changing colour by ex- 
posure. 

In some shells of this structure the layers are thicker, and the animal matter 
is deposited in larger quantities, giving the shell a foliaceous appearance. In 
these the calcareous particles are large, opake, white, and earthy, like chalk. 
This is well exhibited in the common Oyster; and is also found, not so 
distinctly developed, in the Pecfines, and on the outer surface of those shells 
which are internally pearly, such as the Haliotidesj Turbines, &c. The animal 
matter between the laminae is sometimes very unequally deposited : it is found 
forming large brown spots in the pearly coat of many of the Haliotides, espe- 
cially in the HaUotis Midce, and H. splendens, in which these spots produce 
beautiful variations in the colouring and pearliness of the shell. 

In many of the fresh-water bivalves there is deposited between the layers of 
the shell a lamina of animal matter, similar to the periostracum. In the genera 
Etheria and MuUeria, such a coat is deposited between nearly all the layers, 
giving them a very peculiar olive-green colour, and having minute dots on 
its sarface. The shells in question appear to be extremely liable to be eroded 
by the water, and these successive depositions of animal matter enable them 
to offer a new layer of periostracum to protect each succeeding plate, as the 
one above it gives way to the destructive influence of the medium in which 
they reside. A similar deposit of animal matter is also often found forming 
green stains in the pearly inner coat of the various species of Uniones, and 
it sometimes protects from the action of the water the inner part of the um- 
bones of shells which have been eroded. In the upper valve of Ostrea comu- 
capicp, I have observed the thick inner layer to be rather prismatic, and the 
outer part of the laminae to be separated by layers of periostracum. 

In some shells of this kind, there are left between the plates larger or smaller 
spaces, which are generally found filled with water. These spaces are sometimes 
met with in the common Oyster, and they occur not unfrequently in a large 
SpandyhiSy which is known to the dealers, on this account, by the name of the 
Water Spondylus. In the latter shell it is not unusual to find these cavities, 
which are sometimes of a large size, in both the valves, recurring one on the top 
of another, and giving the valve, when cut through, the appearance of a cham- 
bered shell; but having no siphon passing from one septum to the other. There 
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can be little doubt that these laminee, the concave plates at the end of turreted 
shells, and the septa of the regularly chambered shells, are all deposited in tbe 
same manner, the body representing the model on which they are formed. But 
it is not so easy to understand why such cavities should be left in these shells, 
especially in the upper valves, as it is to account for the existence of the ana- 
logous structure in turreted and chambered shells, the flat form of their valves 
enabling the animals of the former, as we might suppose, to extend the dia^ 
meter of the existing cavity, when larger space we^ required for their accomp* 
modation, without constructing one altogether new. In the Mtherice, cavities 
in the form of small vesicles, or very thin bladders, are also left between the 
plates. The cavities in the Ostrtce^ SpondyH and JEtheriw are, I have reason 
to believe, filled with water when the animals are alive ; and this also appeara 
to be the case, from Mr. Georob Bennett's account, with the chambers of the 
Nautilus; but the water soon evaporates through the pores of the shell, if kept 
in a dry place. I have never observed this peculiarity except in those hivalv« 
shells whicii are immediately attached by their outer surface to other bodies. 

Many shells are composed entirely either of the rhombic crystalline or of 
the concretionary structure ; but I know only of a single instance (and that 
occurs in the tube of a shell,) in which the whole mass affects the prismatic 
crystalline structure. In all other shells of this latter texture^ the inner and 
front part, which is occupied by the body of the animal, is always covered with 
a coat of the laminar concretionary texture. 

4. On the Power possessed by MoUusca of dissolving Shells, Rocks, Sfc. 

It has been generally believed, and indeed sometimes most positively as- 
serted, that Molluscous animals do not possess the power of reabsorbing the 
matter of their shells when once deposited. The following observations, I think, 
will distinctly prove that this theory is quite unsupported by fact. 

If a Cone, an Olive, or any shell whose last whorl almost completely envo* 
lopes and protects the rest, and whose cavity is much compressed, allowing 
only a small space for the convolutions of the body of the animal, be slit down» 
either from the apex to the front of the axis, or across the body volution, at a 
little distance before the suture, it will be observed that all the septa between 
the different whorls are extremely thin and transparent ; and when these septic 
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are minutely examined^ they will be fodnd to consist of only a single one of the 
three plates of which all such shells are originally composed^ which plate will 
be seen to agree in structure with the inner one of the three. On tracing these 
septa to the outer whorl, it will be observed that every part of them, during the 
various stages of growth of the shell, has been once a part of the outer whorl; 
and since we know from experience that the outer whorls of the young Olive 
and young Cone are as thick in proportion to their size as those of the adult, 
there is little reason to doubt that each of these septa was originally formed 
of three plates, in the same manner as the other parts of the shell. That this 
was actually the case, and that the part remaining is the continuation of the 
inner plate, the other two plates having been removed by absorption, may be 
proved by the fact that the other two layers of the same volutions are distinctly 
visible on the exposed part of the spire, and on the fVont part near the pillar^ 
while they are deficient only on the thin part of the septa; and if the outer half 
of the penultimate whorl, or rather the half-whorl just within the mouthy be 
examined, the two outer layers will be found to be there only in part absorbed, 
leaving a shelving edge directed towards the cavity of the shells. 

A still stronger instance of the absorption of the septum may be observed in 
the shells formed by some of those Mollusca vrfaose respiration is effected by 
means of lungs, as, for instance, the Auriculidce. In the young shells of this 
family the septa which separate the whorls are incomplete, and twine nearly 
parallel to each other. As the shells increase in size, the later formed septa 
become much more oblique and broader, and at length completely separate 
the cavities of the whorls. When^ however, the animals of many of the spe- 
cies, especially those of the Melampiy approach maturity, the whole of the 
septa, except the outer half of ^the penultimate volution^ are absorbed, leaving 
a simple cavity in the upper part of the shell. On further examining the remains 
of the septum, it will be found that the absorption has taken place on the outer 

* It is probable that some Bernard Crabs Have also the faculty of dissolving shell, ibr it is not 
mmsaal to find the long fusifbrm shells, (such as Fusus, FasciolaHa and J\irbinella,) which are in- 
habited by these animals, with the inner lip and great part of the pillar on the inside of the mouth 
destroyed, so as to render the aperture much larger than usual. I haye never seen this erosion ex- 
cept in dead shells which had been inhabited by Hermit Crabs; but it does not occur in aU that 
are so tenanted^ for I have also observed these animals occupying the shells of Fusi, &c. in which the 
lip was in its usual state. 
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side, as is proved by the surfiEice shelving down to form an acute edge on its 
inner side. 

A similar absorption may be observed in the inner whorls of the Harpa or- 
ticulata ; but it is in this case confined to the central part of the septa, and all 
the coats are partially dissolved^ so as to leave a slit between the cavities of the 
different whorls. An absorption of the upper iseptum also takes place iii some 
of the NeritincB, as the Neritinajluviatilis^ and it was on a character derived 
from this circumstance that De Montfort established the latter shell as a 
genus under the name of Theodoxus. 

These facts distinctly show, that as the animal enlarges the mouth of its 
shell, it absorbs m a greater or less degree the substance of the inner whorls. 
This process of absorption, besides furnishing the animal with calcareous matter 
towards the enlargement of its shell, gives more space for the lodgement of the 
body, and renders the shell for lighter to carry ; and these advantages are 
gained without in the slightest degree detracting from its strength, as the 
outer whorl and spire, which are alone exposed in shells of this form, remain 
at least as thick as in most other shells. 

In many other univalves, the animal, before depositing the laminae which form 
the inner part of the mouth, absorbs the outer layer of the penultimate whorl, 
as is evidenced by the ridge with which that part is often surrounded. This is 
particularly the case in the various species of Turbines, as in Turbo coronatus, 
T. smaragdusy T. sarmaticuSf and in some Fusiy as Fkisus despectus. But it is 
most distinct in the Purpurce, where the Lamarckian character of the genus de* 
pends upon this absorption, which causes the concave flatness of the inner lip. 
In the Muricesy and other shells which have spines or branching appendages on 
the front of the whorls, the site of which appendages the succeeding whorls 
must overlap, these processes are generally absorbed by the animal before it 
produces the inner lip over their base, as their length would otherwise offer an 
obstacle to the regular progress of the shell. This absorption of the outer part 
of the last whorl but one, and of the spines, is evidently effected by the edge 
of the mantle. In specimens taken while the process is going on, there may 
be observed a notch, formed by this means, in the base of the spines or pro- 
cesses, the completion of which causes them eventually to separate from the 
shell. A similar effect is produced on a new species of Sun Trochus, Imperatar 
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Cruilfordia^ where the keels of the whorls are famished with a central series 
of spines^ which are removed before the mouth of the shell is continued. 

In some shells, however, which have only short processes, as in the variety 
of the Pyrula hucephala with two rows of spines, the front rows are not ab- 
sorbed, the inner lip being deposited of such a thickness as to cover them. 
A similar circumstance may be observed in a monstrous variety of Stromhus 
pugiUsy with two rows of spines, of which there is a specimen in the British 
Museum. 

In the young state of the F^ssurellcPy the hole by which the faeces pass out of 
the shell is placed a little in front of its recurved and spiral apex: in this state 
it has been formed into a genus under the names of Bimula and Puncturella. 
But as the animal grows, the hole enlarges in size backwards, and the true 
apex being absorbed, the hole appears in the adult shell to be placed on the 
tip, and in some species even to extend behind it. 

The animals of many species absorb parts of their shell at regular periods : 
thus the Tritons, which at each of the periodical interruptions of their growth 
form a thickened edge to their lips, when they again commence enlarging their 
shells, generally absorb this thickening both as regards that part which had 
been deposited on the pillar and that which formed the ribs and teeth of the 
outer lip ; for on examining the cavity of any of these shells, it will be found 
quite smooth and free from interruption. Such an absorption does not, how- 
ever, take place in some of the larger Cassidesy and in the genus PersanOy in 
which the thickening of the former lips remains after the shell has enlarged in 
size, and forms prominent bands on the parietes of its cavity. But a similar 
periodical deposition and absorption of the thickening of the outer lip takes 
place in many of the land shells, as the Helices and BuUmi; in most of which 
there is formed, at every interruption of their growth, an internal rib, just 
within the edge of the mouth, which is removed when the animal again begins 
to increase its shell. This is particularly visible in the genus ScarahiSy where 
the interruptions are regularly periodical, each period of growth occupying 
half a whorl, as in the Ranellce. 

Mollusca not only have the power of absorbing their own shells, but they 
also possess the faculty of forming cavities in those of other animals. When a 
specimen ofPileopsis attaches itself to the surface of a shell, it generally leaves 
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hi the t>lace of its attachment a depression of its own size, and furnished with 
a horae^shoe-shaped ridge : such cavities are sometimes formed even in other 
specimens of the same species. It appears moreover to be of little imports 
ance how great may be the hardness, or what may be the structure, of the 
shell on which they fix ; all yielding with equal readiness to their absorbing 
powers. It is not unusual to find holes thus produced nearly a quarter of an 
inch in depth in the very hard external coat of the larger Turbines ; and similar 
depressions are found in Purpurce, Strombi, Fhsurellce, Chitanes, Patelke, &c. 

The animals of Siphonariay Patella^ and an allied genus ^ {Lottia), which 
appears to be peculiar to the coast of South America, have the same faculty, 
but in a less degree, and the cavities formed by them are destitute of the 
horse-shoe-shaped ridge. The depressions produced by the Siphonaria and the 
Chitones have, however, an unequal groove round their margin, which is largest 
and deepest on one side, occasioned probably by the shell being generally raised 
on the opposite side to admit of the access of air to the branchiae. The Patella 
cochlea is often found at the Cape of Good Hope, where it lives almost exclu* 
sively, attached to a large species of the same genus, on the surface of which it 
forms a flat disk, exactly the size of its mouth. To form these flat disks, (of 
which there are so generally two, one on each side of the apex of the larger 
PateUa, as almost to form a character of the species,) and to assist in the 
increase of its size, the animal appeara also to absorb the coralline or other 
similar substances with which the larger shells are abundantly covered. The 
common Patella of our own coast, when long adherent to another shell of its 
own species, to chalk, or to old red sandstone or limestone, also forms for itself 
a deep cavity of the same form as its shell, and evidently produced by the dis- 
solution of the surface to which it is affixed. 

The animals of the several species of Fermetus^ especially of that called by 
Dauqin Spiroglyphus, have the faculty of producing by absorption a groove in 
the surface of many very hard shells, such as the Trochi, Haliotides, and Ftssu- 

* Hub genus must be extremely perplexing to those systematists vbo attend only to the form of 
the shell ifrithout paying any regard to its animal inhabitant. The shells of Patella and Lottia do 
not in the least differ in external form, and yet their animals belong to very different orders, the one 
having the branchise placed round the foot, as in the Chitons, and the other having them placed on tiie 
side of the neck, like the Fis^ureUdB, from which indeed it chiefly differs in having only one brancfaia. 
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relke ; wluch groove tbey cover with a calcareous deposit, and thus form it into 
a tube. The history of Sph^glyphtu'is altogether peculiar ; the young animal^ 
when first hatched, is covered with an ovate regular spiral shell, consisting of a 
whorl and a half^ and in appearance very like the young shell of MagUus, with 
which, indeed, its affinity is very striking; it soon attaches itself to the sur&ce 
of a shell, in which it commences the formation of a canal, narrow and shallow 
in the first instance, but becoming deeper and wider as the animal increases 
in size. Both the canal and its shelly covering retain for some time the regular 
discoidal spiral form, and the whorls are sometimes so closely impressed on. 
each other, that the animal actually absorbs part of the tube which it had pre- 
viously deposited, in order to make room for its new whorl. In one instance 
which has fallen under my observation, it had left only a very thin transparent 
plate between itself and the cavity of the tube. When, however, the Miimal has 
nearly attained its full size, the shell assumes an irregular form, and is some- 
times extended into a straight line, and at others closely twisted over its former 
shell, which, under such circumstances, it often absorbs. It is not uncommon 
to find several young animals of this genus burying themselves in the tube of 
an adult shell. 

These unequivocal instances of the power of the Mollusca to dissolve their 
own shells^ and to make holes in the shells of other animals without the exer- 
tion of any mechanical force, but by simply applying their foot to the part to 
be dissolved, afford strong grounds for believing that the holes formed by the 
regular boring Mollusca, such as the Pholades, Petricoke, Fenerwpes^ and Liiho^ 
dami, in shells and calcareous rock, are produced in a similar manner ; and 
this belief is strengthened by the following considerations : 

1st. That the animals of most of the boring shells are famished, like those 
of which I have just been speaking, with a large foot, more or less expanded 
at the end. 

2ndly. That the holes bored by some of the Petricoke and Oastro^hamae 
are compressed, and so exactly fit the shell, that it would be impossible for 
the latter to rotate on its axis in such a manner as to use the asperities of its 
surface for the purpose of rasping, as some conchologists have 8up()08ed. I 
have also seen specimens of Pholas pusiUus, the back valves of which were so 
much distorted, as to demonstrate the impracticability of such a process, a 
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projecting part of the back having eyidentiy been fitted into a cavity on one 
side of their cell ; yet these Pholades appeared to have enlarged subsequently 
to the distortion having taken place. Those of the Barnacles which bore^ such 
as the genera Conchotrya and Brismetis (and probably Lithotrya)^ form an ob- 
long compressed hole^ of the exact size of their shells. Specimens of Brismeus, 
in my collection^ are attached to the side of an oyster-shell, in which they have 
destroyed part of two or three plates to form such a cavity ; but although the 
shells of these boring Cirrhipedes are famished with raised lamellee, the pro- 
jections are placed across the valves in such a manner that no motion that could 
be given to them would enable them to rasp a hole. 

Srdly: That all the boring shells are covered with a periostracum, which is thin 
in the Teredines, Pholades, Lasece, &c., and thick in the Lithodomi, and which, 
if the animals used the outer surface of the shell as a means of boring, must be 
very speedily rubbed off. Such a fact would be readily observed, as this part 
is never renewed after having been once destroyed ; which is easily understood 
when we consider, that it can only be formed on the edge of the shell before 
the deposition of the shelly matter has advanced beyond it. 

4thly. That although the shells of Teredines, Pholades, some Petricolce, &c., 
are covered with short spines and strise by means of which they might be sup- 
posed capable of rasping stones, other boring shells, such as the Lasece and 
Lithophagi, are smooth. 

5thly. That I have not observed shells of this kind to bore into any other 
substances (wood excepted,) than shells, calcareous rocks, clay, marl, chalk, 
limestone, and sandstone united by a calcareous cement ; nor do such shells, 
as £Eir I have seen on the coast of Devon, attack the latter rock, except when it 
has lain a long time under the sea, and become as soft as clay. Colonel Mon- 
tagu states that he has seen specimens of Gastrochcena which had bored into 
fluorspar and granite ; but an examination of his specimens in the British Mu- 
seum proves that what he regarded as fluorspar are merely crystals of carbo- 
nate of lime; and although the shell is not uncommon on the coast of Cornwall 
and Guernsey, I have never seen it produce the slightest impression on the gra- 
nite rock, even in its disintegrated state. Instead of attempting this, the animal 
changes its habits, and generally chooses a slight crack in the granite rock, in 
which it forms for itself, like some of the fossil species of the genus called 
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Flstuhna by Lamarck^ a calcareous case^ partly constmcted of such frag- 
ments of shells or stones as may be thrown within its reach. The granite^ 
indeed^ appears completely to resist all the dissolving powers of the MoUusca. 
Thus in some structures^ as the Plymouth Breakwater, for instance, in which 
limestone and granite are employed together, and placed side by side, the 
Patellas form their rounded holes in the former ; while they do not in the 
slightest degree alter the surfece of the latter, except in general by clearing 
from off it any calcareous substance which may have previously gi-own upon 
it. I have one specimen beautifully illustrating this latter fact, a young Patella 
having afl^ed itself to the shelly base remaining from a Barnacle, in which 
it has dissolved only the part beneath its foot, leaving the rest forming a ring 
around its shell. 

Many of the boring MoUusca, especially the Lithodomi and Petricolce, cover 
the hinder part of their shells with a calcareous coat, which is often of a spongy 
texture, and differs from the shell in internal structure. This is probably the 
dissolved part of the rock again deposited. Many also of these animals, as the 
Gastrochcenoe^ Clavagelke, and Teredines, secrete constantly, and others, as the 
Lithodomi, under particular circumstances, a calcareous deposition, with which 
they line the inner surface of their holes. 

The determination of the existence of this power of dissolving shell and cal- 
careous matter does not, however, remove the difficulty with regard to those 
shells which bore into wood ; although it is not impossible that this substance 
may also be dissolved by the same means. And this appears to me the more 
probable, as, although there are some species of Pholades, such as Pholaspusil- 
his and P. rudis, which I have never seen in any other substance, I have found 
others, such as P. dactylus and P. Candida, indiscriminately in chalk, marl, 
limestone, red sandstone, and wood ; and it is difficult to suppose that these 
species adopt different means of boring when employed in penetrating the latter 
substance. 

Possessing this power of absorbing their own shells, the shells of other Mol- 
luBca, and calcareous rocks, it is remarkable that these animals do hot exert it 
for the purpose of removing extraneous obstacles which may oppose their pro* 
gress in the formation of their shells. In the collection of the British Museum 
is a specimen of Pyrula bezoar that appears to have grown with perfect regu- 
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larity until the formation of its last half-whorl^ which is thrown considerably 
more than half an inch out of its proper position by a group of Barnacles. These 
shells had probably attached themselves to the back of the Pyrula at an earlier 
stage^ and^ as the latter increased in size, at length filled the place that should 
have been occupied by the inner lip, which, on meeting with this interruption, 
diverged from its course, and was thrown over the Barnacles. Had the shell 
not been taken until a later period, there can be little doubt that the animal 
would have at length destroyed the Barnacles, and completely hidden them 
from view, by continuing the whorl entirely over them ; although it would 
appear that it had not the power to remove them by absorption while they 
retained their vitality. In the same collection there is also a specimen of 
Strombus luhtuznus the spire of which has been much distorted in conse- 
quence of the temporary attachment of some parasitic shell, which subse- 
quently became loose and has been detached. 

In the collection of my friend Mrs. Mauger is a specimen of Helix aspersa, 
showing a similar deformity arising from the same cause ; but in this case the 
obstruction has been produced by a young shell of the same species. The 
young specimen is attached to the spire, to which it had doubtless fixed itself 
during the dry season ; and not awaking from its torpor so early as its older 
companion, the latter, when it commenced increasing the size of its shell, threw 
its new whorl partly over the smaller individual, which was thus inclosed in a pri- 
son formed by its own shell. In this instance, the form of the larger specimen is 
not much altered ; but about one half of the young shell projects above the spire. 

In like manner, the Cowries, and other shells which have an additional coat 
deposited on their back by the enlarged lobes of the mantle, on arriving at the 
adult age, cover in with this coat any body which may be accidentally attached 
to their surface. There are two specimens of Cyprcea rattus in the collection 
of Mr. Gaskoin, on one of which a Crepidula, and on the other a Barnacle, is 
evidently so inclosed ; and Humphreys, in the Portland Catalogue, described 
two specimens of the same shell in which he had observed a similar occurrence. 
Such accidents appear, however, to be rare, the extension of the mantle having 
in itself a strong tendency to prevent other animals from adhering to the sur- 
face of these shells. 

A similar occurrence may frequently be observed in the shells of the genus 
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Cymhium^ the glazed coat of which often includes Balani and particles of sand. 
The presence of such bodies under the glazed coat in these shells is so con- 
stant^ that I am inclined to believe that the animal deposits this coat with the 
view of ridding itself of the irritation caused by the adherent sand and Bar- 
nacles rubbing against its foot^ as the animal of the Chinese Pond Muscle 
{Dipsds plicata) deposits its pearls over buttons or spines which are artificially 
introduced into its shell. 

5. On the Deposition of Shelly Matter hy the Foot. 

It has been very generally supposed^ that the calcareous matter of which 
shells are formed is secreted only by the mantle of the animal; and it has 
consequently been taken for granted^ that the expanded base of the Cassides 
and Personce^ the broad inner lip and the closed back of the Cynthia^ and the 
polished coat on the outer surface of an Oliva or an Ancillaria, were each and 
all deposited by some expansion of the mantle. 

I have lately^ however, had an opportunity of observing the animals of all 
these, and of many other genera, in the Museum of the Jardin du Roi at Paris^ 
where my excellent friend Professor Db Blainville, who was at that time 
keeper of this part of the collection, kindly allowed me to examine at my 
leisure all the stores of MoUusca collected together for a long series of years 
by the late Baron Cuvier, as well as those brought home by MM. Quov, 
Gaimard, and Lesson, from the recent voyages of discovery in which those 
naturalists took part. At the same time I was allowed, by the kindness of 
M. QuoY, to consult and copy the numerous drawings made by him, during 
his voyage, from the animals whilst alive and walking about. From this exami* 
nation I am enabled to state, that in all the shells just named the shelly matter 
in question is deposited, and most probably secreted, by the upper surface of 
the foot, which is very large, and not by the mantle, which, on the contrary, 
is small, and not expanded beyond the edge of the mouth. This is most ob- 
viously the case in the Cymhia^ Oiivce and Andllaricey which have so large a 
foot that the shell appears to be actually immersed in it. Animals of these 
genera, drawn from life, are figured by Adanson in his Voyage to Senegal, and 
by FoRSKAHL in his Fauna Arabica. The Mwrex anus of Linn^us, which has 
been referred by Lamarck to his genus Triton^ dififers in this particular from 
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all the other animals placed by him in that group, and agrees with the genus 
Cassis, the expanded base round the mouth being produced by the very widely 
expanded foot : it forms the genus Persona of De Montfort, 

It is remarkable that this fact should not have been before observed, more 
especially as the operculum of all molluscous animals which are furnished 
with such a protection is secreted by the back of the hinder part of the foot, 
where there is no extension of the mantle. 

6. On the Operculum. 

The part usually called Operculum is a horny or shelly plate, adherent to the 
back of the hinder part of the foot of many Gasteropodous MoUusca. It fs 
always (except perhaps in Navicella^) attached to the free end of the large 
muscle by which the animal is affixed to its shell; by the contraction of which 
the operculum is brought into such a situation as more or less completely to 
close the mouth of the shell when tbe animal is drawn into its cavity. It has 
hitherto been observed only in those MoUusca which have pectinate branchiae, 
and in two genera {Cychstoma and Helicina) amongst the pneumonobranchous 
land shells. 

The muscle by which the animal is attached to its shell is generally affixed 
to tbe hinder part of the cavity, a little within the mouth : in the long spiral 
shells, which have a small or moderately sized mouth, it is simple, and forms 
a single scar on the pillar ; but in those which have a large mouth and a 
slightly developed spire, as Neritina and Nerita, it is divided into two por- 
tions, one attached at each end of the pillar lip ; and in those which have the 
mouth almost as large as the cavity of the shell, such as Capulus, it is divided 
into two nearly equal parts, which extend along each side of the cavity, and 
form what is generally called a horse-shoe-shaped muscular scar. The insertion 
of the muscle forms similar scars on the inner si4e of the operculum. Thus in 
most opercula there is only a single scar: in those of Nerita and Neritina there 
are two scars, one at each end ; and in Capulus the operculum has a horse-shoe- 
shaped impression. The only exception, as far as I am aware, to this rule, is 
in the genus Concholepas, where the muscle forms a continuous band nearly 
round the cavity of the shell, while the operculum, which is very small, is 
marked only with a single subcentral ovate scar. 
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By far the greater number of these bodies are formed of a more or less con- 
densed cartilaginous matter, similar to the periostracum ; and they are often 
strengthened by a deposit of calcareous shelly matter on their outer side, or 
more rarely by a similar deposit of greater or less thickness on their inner sur- 
face, in some few instances extending to both. The deposit on the inside may be 
compared to the glassy enamelled coat which is found in the cavities of certain 
shells, and that on the outer surface may be considered analogous to the hard 
enamelled coat covering the backs of the Cowries. A few opercula, such as 
those of the genus Neritina^ appear to be truly shelly. 

The opercula agree with the valves of shells in being developed on the embryo 
while included in the %gg^ and in increasing in size by the addition of new 
matter round the circumference of the base of the cone of which they are 
formed : they also agree in the cone being sometimes simple and straight, and 
sometimes curved into a spiral form. That Adanson regarded them as ana- 
logous to the valves is evident from his calling the shells which are provided 
with these lids on their mouths Sub-Bivalves. The principal difference, indeed, 
between the operculum and the valve of a shell consists in the former having 
no cavity, the cone of which it is formed being either very much depressed, so 
as to become nearly flat, or even concave, as in the annular or some suban- 
nular opercula, or very much compressed, forming only a spiral ribband, as in 
the spiral ones. Opercula are never attached to their shells by ligaments or by 
any other means than that of the adductor muscle ; and they are always free, 
except in the genus CapuhiSy which offers a remarkable anomaly in this part 
being immediately attached by its outer surface to other marine bodies. 

It is proper to observe, that in describing the operculum I have called that 
the anterior margin, which is nearest to the pillar of the shell, as when the 
animal is walking this part is directed towards its head; and the right and left 
extremity are the parts corresponding with the right and left sides of the body. 
When the operculum is placed in this position, the left end is that which fits 
into the front, and the right that which corresponds to the hinder part, of the 
mouth. This distinction of parts may, at first sight, be thought trifling; but to 
the practical zoologist its importance is very great. The position of the nucleus 
of the operculum is, for example, almost the only conchological character by 
which four distinct genera of shells can be divided into groups, although their 
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animals differ both in external form and in internal anatomy. In the genera 
Bithynia and Paludina^ which have the nucleus of the operculum nearly cen- 
tral^ the animal has short tentacles and no air bag ; whilst in Ampullaria and 
Ceratodesy which have the nucleus of the operculum on its anterior side^ the 
animals have very long^ tentacles, and a large air pouch by the side of the 
branchiae. 

Opercula may be divided into three very distinct kinds, according to their 
form and manner of growth, and these may be again subdivided according to 
the mode in which they are covered with various deposits. 

The annular operculum may be considered the most simple, the very de- 
pressed cone of which it is formed being nearly regular, with the apex more or 
less central, and the coat of new matter, by which it is increased in size, form- 
ing complete rings round its circumference ; in which particulars it may be 
compared to the simple conical shells of the genera Patella, Fissurellay 8gc. This 
kind of operculum does not alter its place in the mouth, and the muscle of 
attachment only moves nearer towards its anterior edge as the addition of new 
matter on that side renders such a displacement necessary in order to keep the 
muscle in its proper situation with regard to the pillar of the shell. 

The subannular opercula may be regarded as intermediate between the 
annular and spiral forms, partially combining the characters of each ; but I 
think it better to consider them apart from the others, inasmuch as they are 
peculiar to those animals of the Ctenobranchous MoUusca, which are provided 
with a siphon in front of the mantle for conducting the water to their branchiae, 
such as the Murices, Bucdna, Stromhij Melanice, Melanopsides, Aulodi, and the 
anomalous genus Phorus. They are all of a homy texture, and are charac- 
terized by their very depressed cone being somewhat oblique, with its nucleus 
placed at or near the left end, and the lines of growth forming more or less 
complete rings around it, but always becoming wider apart from each other as 
they approach the right side. The left end, towards which the nucleus is placed, 
is generally acute, and the opposite extremity rounded, which is just the reverse 
of what takes place in the annular opercula, where the right end is acute and 
furnished with a fold proceeding from the nucleus, and the left side is rounded 
and broad. In most of the opercula of this division the muscular scar occupies 
the greater part of the internal surface ; is marked with more or less regular 
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concentric rings ; and is surrounded by a thickened callous deposit^ which is 
broadest on the outer side. This scar appears gradually to approximate toward^ 
the right side of the operculum^ the part left free, as the scar advances, be- 
coming covered by the callous deposit. The lines on the scar appear to be very 
constant in the various species, but they are sometimes distorted, and form se- 
veral centres instead of one. They have no relation to the rings of growth on 
the outer surface, but have generally a centre of their own placed at some di- 
stance from the left end of the operculum ; and they appear to be formed by the 
successive additions made to the edge of the adductor muscle, which is marked 
with lines resembling those on the scar. The greater number of these opercula 
do not alter their relative position in the mouth of the shell; but a few, like 
those of Fusus fomicattis, in which the end of the cone is slightly curved, move 
during their lives perhaps to the extent of a quarter or half a turn on the end 
of the muscle. In some instances, as in the operculum of StromJmSj where the 
foot of the animal is very small, the apex or left extremity is obliquely elevated 
and free: as the rings of growth are added, this extremity elongates, and ac- 
quires such a resemblance in form to the claw of an animal, as to have induced 
the ancients to call such opercula Elks^ hoofs. The scar of attachment is small 
in comparison with the size of the operculum, and is situated on its right side : 
it is cordate and marked with oblique rugose grooves, and with a strong central 
ridge, which is continued in the form of a rib down the middle of the under 
side of the free part of the operculum. In some species the posterior edge of 
the operculum is serrated. In both the annular and subannular divisions, the 
disk to which the operculum adheres is formed entirely of the muscle of attach- 
ment, and of a membranaceous fiinge by which its edge is surrounded. This 
fringe is free from the back of the foot and is widest posteriorly: it doubtless 
secretes the coat of the layer of growth, and the deposit which borders the edge 
of the scar, whilst the muiscle itself is provided with the means of secreting the 
proper coat of the scar. 

The spiral opercula are so called because the elongated, cartilaginous or 
shelly, compressed, ribband-shaped cone of which they are formed is twisted 
into a spire of few or many whorls. In these, the new matter' by which they 
increase in size is deposited only on the extremity of the last whorl, which in 
spiral opercula may be regarded as analogous to the mouth of spiral shells, as 
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the entire circumference of the annular opercular with their subcentral apex, 
is analogous to the edge of the base of a Patella. The lines of growth are 
marked by curved concentric lines extending transversely across the whorls. 
Opercula of this character vary much in the number of their whorls : when the 
whorls are few in number^ the cone increases rapidly in size, and the operculum 
is of an ovate shape, with the nucleus approximated to the left extremity ; 
when the whorls are more numerous, the cone increases in size more gradually, 
the nupleus is central, and the operculum is more orbicular. In all these cases 
the edge of the extremity of the last whorl is constantly anterior, that is to say, 
when the operculum is in the mouth of the sheU, this part of it is directed 
towards the inner lip: when the operculum is ovate and of few whorls, it 
generally occupies the whole length of that lip ; but in the orbicular and many-^ 
whorled opercula, it is directed towards the hinder part of the mner lip, near 
the angle formed by its junction with the outer. Now every time that the 
animal adds a new layer on the end of the last whorl, the operculum, to allow 
of this part continuing to occupy the same position, must make a slight turn 
backwards on its centre, which is the nucleus of the spire, whether the spire be 
placed towards one end or in the centre of the operculum. This rotation on 
the adductor muscle, although it may at first sight appear improbable, bears a 
striking analogy to several other phenomena of the same kind which are con- 
tinually taking place in the animal economy : I need only instance two well 
known and apposite examples ; — Istly, the gradual change of situation of the 
adductor muscle as it passes down the pillar of spiral shells, which in some of 
the long turreted species, such as TurritellajirchimedeSyVrhere there are as many 
as thirty whorls, must have been carried to the extent of thirty complete revo- 
lutions on this part ; — and 2ndly, the change of place of the adductor muscle in 
bivalve shells. In the opercula of the Littorifue and Naticce^ which consist of 
a few very rapidly enlarging whorls, the motion and consequent alteration of 
position of the place of attachment is very gradual and slow ; but in those orbi- 
cular opercula which are composed of many gradually enlarging whorls, as 
in the Trochi and Mtmodontce^ the place of attachment must be continually 
changing, as many complete revolutions being made as there are whorls in the 
operculum. These are sometimes extremely numerous : in a small specimen of 
Turbo pica now before me, there are seventeen or eighteen, and in some Trochi 
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I have counted still more. In the spiral operciila^ which thus rotate on their 
axis, the nucleus, which is the centre of motion, is always included in the scar, 
and adherent to the muscle of attachment : it is often furnished internally with 
a small spiral process, buried in the muscle and resembling the end of a screw. 
On the contrary, in the annular and subannular opercula, which have no rota- 
tory motion, the nucleus is often removed from the point of attachment, as is 
well illustrated in those of the Stromhi. 

In many of those ovate or suborbicular spiral opercula which are formed of 
a few rapidly enlarging whorls, as, for example, those of the genus Littorina, 
the inner surface exhibits the lines of growth as well as the outer, there being 
in these cases no internal deposit. In these opercula, the adductor muscle is 
anterior, and occupies more than half the disk to which they are attached, the 
remainder being formed by a membranaceous flap attached to the hinder edge 
of the muscle. Along the whole anterior edge of the muscle is a ridge, sepa- 
rated from it by a deep groove, which evidently secretes the additions to the 
operculum : in one specimen I thought that I could observe the edge of this 
part attached to the ridge, in like manner as the edge of the periostracum is 
adherent to the mantle of many bivalve shells. 

The operculum of the Naticas is formed on the plan just described; but its 
inner surface is covered in addition with a smooth pellucid coat, resembling 
the inner coat of the subannular opercula, and forming a curved tubercle over 
the nucleus. This coat is marked with two muscular scars, the one lanceolate 
and central, and the other anterior, linear, and only separated from the £rst 
by a narrow polished band ; the latter is extended to the back of the tubercle, 
where it forms a deep oval impression. The adductor muscle occupies the 
anterior half of the disk, its middle part, which produces the central scar, 
being of a dark colour, while its front edge, giving rise to the anterior, is 
white : it is furnished with a thin membranaceous band posteriorly, which is 
broadest on the right side; and the remainder of the disk is formed of a thick 
semioval elevated fleshy flap, quite distinct from the back of the foot. 

The opercula of some shells which have plaits on their pillar, are very thin, 
and are furnished with a moveable flap on the left side of their anterior margin, 
whicb passes over the plaits. I first observed this in the common TamateUa, 
and afterwards in Turbo palltdus of Montagu, (the genus Odostamia of Dr. Fle- 
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MiNG^) and have since verified it in PyramideUa. The subannular operculum 
of TurbineUa comigera has a notch on the middle of its anterior margin^ and a 
plait running from the nucleus ; but in this case the flap is not moveable. 

The opercula of the genus Neritina agree with those just described, in their 
ovate form, and in being composed of few and rapidly enlarging whorls ; but 
they appear to be entirely formed of shelly matter, and are marked both exter^ 
nally and internally with very minute concentric lines of growth. like the 
operculum of Littorituiy they are not covered with any internal or external de- 
posit ; but they have several peculiarities. The outer edge of their whorls is 
furnished with a broad flexible margin; and on the inner side, below the spire^ 
are two diverging processes, the longer of which is curved and forms a tooth, 
placed near the left end of the anterior edge, which some have supposed to 
act as a kind of hinjg^e on the sharp inner lip of the shell. The adductor 
muscle of this genus is divided into two portions, one placed at each end of 
the pillar : of these the hinder is the largest^ and forms a submarginal scar 
along the end of the last whorl of the operculum, while the anterior is smaller, 
and forms an ovate scar behind the two processes. The disk to which these 
opercula are fixed is like that of Littorinaj and there is a slight ridge ex- 
tending the whole length of the front edge of the muscle, a little anterior to 
it, which probably secretes the shelly matter of the operculum : in this office it 
may perhaps be assisted by the edge of the hinder part of the mantle, situated 
just before it. 

I might have been inclined to regard the operculum of Navicella as anoma- 
lous, had I not had an opportunity of comparing it with its ally Neritina, 
which has enabled me to explain its. structure. In this genus, as in Concho- 
lepas and Cryptostoma^ the mouth occupies so large a share of the cavity of the 
shell, and the hinder part of the foot of the animal is so short, that the oper*- 
culum cannot be folded over in such a manner as to close the aperture. But 
instead of being very small, as in the two latter genera, the operculum is rather 
large in comparison with the size of the animal, and appears to serve a new 
purpose, viz. to separate the viscera from the upper sur&ce of the foot, as the 
shelly plate does in the genus Crepidula. The part which projects externally 
is very small, and can only be compared to the flexible cartilaginous fringe on 
the edge of the outer whorls of the operculum of Neritina; whilst the shelly 
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part which is included in the body of the animal is four times the size of the 
external portion^ and appears to represent the anterior margin and the two 
processes of the operculum of that genus^ greatly developed. The anterior 
process, which appears to be analogous to the curved projection in Neritina, is 
produced into a straight lanceolate ridge, and the posterior into a rounded 
strongly serrated edge ; the straightness of these processes evincing that this 
operculum does not revolve on its axis. 

Other ovate spiral opercula of few volutions have a concentrically ridged 
inner surface, and their outer surface covered with a shelly coat, which varies 
in thickness in the different genera, being thin in Nacca, Phasianella and some 
Cychstomata^ and very thick and convex in the genera Turbo and Imperator. 
The disk to which these opercula are attached is like that of Litfarina ; but 
anterior to the muscle there is a very deep groove, into which the operculum 
can be pushed, and which probably covers the front part of it like a hood, when 
the animal is living. I have little doubt that this hood secretes the thick exter- 
nal shelly coat, which is quite out of the reach of the disk, and which increases 
in size, like the rest of the operculum, by the addition of shelly matter to the 
edge of its last whorls. That this is really the mode of growth of that part is 
proved by its being in many cases marked with spiral grooves; while in others 
the front part of the last whorl is of a different colour from the rest of the 
operculum, as though it had been covered from the light. It has been some* 
times thought that such shelly opercuia are attached to the animals by their 
convex sides ; but this is not the case in any of the many specimens that I have 
examined, in which the opercula were naturally attached to the back of the 
animal. Some of them have the outer edge of their whorls dilated and free, 
and occasionally even elevated in such a manner as to form a spiral ridge on 
the outer side : a structure which may be seen fully developed in the very 
beautiful opercultim of a West Indian Cyclostoma {Cychstoma mirabile, of 
Wood's Supplement, t. 7. f. 22.). 

The operculum of Nerita agrees in form with that of Neritina ; but differs 
in having no cartilage on its edge, which is furnished, instead, with a groove ; 
in its outer surface being covered with a thick variously formed shelly deposit^ 
as in the genus Turbo ; and in its inner surface being lined with a thick, cal* 
lous, polished coat. Between the outer and inner coats there exists a very 
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distinct concentrically striated horny layer, like the operculum of Littarina ; 
and the left muscular scar is deeply grooved, like that of the subannular 
opercula. This difference in the structure of their opercula forms ao excel- 
lent distinctive character between these two genera ; as do also the differences 
in the outer surface of those belonging to the genus Nerita between various 
species of that genus. Thus, for instance, the operculum of N.polita is smooth, 
with a transversely grooved marginal band ; those of N. exuvia^ N. omata and 
N. chlorostoma are granular; and that of N. pebnvnta is smooth, with a broad 
convex marginal rib. 

In the orbicular many-whorled opercula of the Trochi, the outside, which 
is generally concave, exhibits the volutions ; and the inside is covered with a 
thick polished coat, marked with curved lines, produced by the successive 
enlargements of the muscular scar, radiating from the centre to the circum- 
ference. 

An examination of the animal and operculum of Trochus Pica (which from 
its large size offers a good illustrative example of this form,) having enabled me 
to understand in what manner those opercula which appear to be the most 
complicated in their structure increase in size and thickness, I shall proceed to 
describe its mode of growth. A comparison with those of the other Trochi 
leaves little doubt that they are all formed and increase in size on the same 
principle. 

The disk on the back of the foot of the animal to which the operculum 19 
attached, shows three very distinct parts, viz. 1st, the muscle by which the 
operculum is affixed, which is semilunar, and occupies nearly the whole of 
the anterior half of the disk, having its hinder edge thin and membranar 
ceous ; 2ndly, an elongated triangular fleshy band, on the right side of its an- 
terior part, which is separated from the muscle by a deep groove ; and 3rdly, 
the back part of the foot, which is raised to the level of the muscle by an 
elevated border, attached in front to the membranes placed along the side^ 
of the body of the animal, and is marked with minute concentric wrinkles, 
originating round a longitudinal fissure on its hinder edge, and becoming more 
and more transverse as they approach nearer to the muscle. This part of the 
disk merely forms a bed for the operculum to lie upon, without any attachment } 
it is semicircular, and is prolonged into a narrow process extending up the right 
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Side of the triangular fleshy band. If the inner side of the operculum be ex* 
amined^ it will also be found to exhibit three parts^ differing from each other 
in colour and surfoce^ but agreeing exactly in form with the three parts de- 
spribed as found in the disk : Ist^ the scar of the muscle^ which is green^ and 
occupies nearly the anterior half of the operculum : 2ndiy, on the left of the 
scar (that is, when the operculum is turned with its inner side towards the ob- 
server,) a triangular pale brown spot, occupying the margin of the extremity, 
and a triangular portion of the last volution : and Srdly, a black and polished 
posterior portion. 

There can be no doubt, as these divisions of the operculum agree in shape 
with the three parts observed in the disk, that they are severally deposited by 
them ; and on further examination it appears that the volutions are in fact 
formed of three coats, each deposited by one of these parts. The new layers 
are first added to the extremity of the whorls by the small triangular fleshy 
band placed on the right side of the muscle. Afterwards, as the operculum 
is moved round in order to present a new end to the influence of the fleshy 
band, the newly formed part is covered by a black coat, secreted by the pro- 
cess of the back of the foot which extends up the right side of the band. Both 
these layers are eventually covei*ed by a green coat, which is deposited by the 
surface of the muscle, and the part of this latter coat which is left exposed as 
the operculum turns round on its axis, is again covered by a second thin black 
shining coat, deposited by the posterior pait of the disk^ or that which is formed 
of the elevated portion of the back of the foot* 

That the spiral opercula actually revolve upon their axes is proved by the 
manner in which these coats are deposited, as well as by the circumstance that 
the front edge of the last volution is always directed towards the hinder part 
of the inner lip of the mouth of the shell, — a position which it could not con-« 
stantly retain, in conformity with the manner in which these opercula enlarge, 
without undergoing this revolving motion. A convincing proof that the green 
coat of the muscular scar which occupies the outer edge of the front part of the 
penultimate, and the hinder part of the last whorl, has covered all parts of the 
operculum, except the front half of the last whorl, which in turning has not 
y^t been brought under its influence, may be readily obtained by scratching 
off the thin black coat, when the ^reen will be found beneath it in all p^rts 
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except that last referred to. The surface of the scttr itself also demonstrates the 
fact of the revolution^ its hinder edge being raised and definite ; whilfe its front 
edge^ which is progressive, is double, the posterior of the two portions being 
elevated, and the anterior, to which the muscle is just becoming attached, being 
thin and ill defined. 

It has been often supposed that shells which have a toothed mouth never 
have any distinct operculum ; but the exceptions as regards annular or spiral 
opercula are numerous ; thus Helicina aureola and H. depressa^ and all the 
Polyodoniay as P. clangulits, &c., have large and regular opercula. 

The genus Vermetus has an orbicular homy concave openmlum, like that of 
a Ttochusy but differing in having a large, orbicular, irregularly grooved, mus* 
eular scar, placed in the centre instead of on the anterior side. The outer 
surfiax^e in some of the smaller species, as \tk V. dentifer* and F. jidamam, is 
furnished with very close spiral elevated laminae; but in the large species, as 
f^. maaimus^, it is homogeneous and homy, and does not exhibit any of the 
volutions. I have no means of Ascertaining whether these opercula revolve, but 
I am inclined to believe that the spiral ones most probably do. 

To these, which every zoologist has been in the habit of regarding as oper- 
cula, but the structure of which has not previously been examined in detail, I 
am inclined to add two other bodies belonging to Ctenobranchous Molluscous 
animals, which have hitherto been generally regarded as anomalous. The first 
of these is the support, as it was called by its discoverer M. db Francb, or 
under valve, as it has since been regarded by some English conchologists, of the 
genera Capuhts and Hippdnyx. I am induced to regard this body as analogous 
to the opercula of other spiral shells, because, on an attentive examination of 
the animals, I find that it is attached in the same situation, and not on the under 
side of the foot, as most conchologists have supposed ; the foot being folded on 
itself, and the walking disk of other Gasteropodes being in these animals (which 
never move from the place of their first attachment, aiid consequently require 
no such expansion,) represented by a few crumpled folds, placed between the 
part to which the shelly plate is attached and the head. In this idea I am 
further confirmed by a somewhat similai* stracture of the foot in the genus 
f^ermetus, where the back of that organ represents a truncated cylinder, filling 

* SowBBBT, Genera of Shelby Serpula, fig. 6. f Osat, Spicilegia Zoologica^ tab. 5. fig. 8, a. 
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np and closing the mouth of the tubular shelL This foot is crowned by a 
homy operculum^ and the walking disk is reduced to a narrow flat band, 
passing along the front of the cylinder, which band is in some species ter* 
minated by two conical processes, situated between that part and the base of 
the head: the processes have been described as tentacula, which they resemble 
in form. The shelly plate or operculum of Capulus is formed of concentric 
shelly lamince^ with a nearly central nucleus^ and differs from all other oper^ 
cula at present known, in being immediately attached, by its outer sur&ce^ to 
other marine bodies, like the lower valves of the Oyster and of Crai^, and 
thus forming the medium by which the animal is retained i|i its place. The 
mouth of the shell being nearly as large as the cavity, the adductor muscle, 
as in other shells of this form, iia divided into two broEtd bands, forming a 
horseshoe-shaped, posterior, submarginal muscular scar, and the operculum 
is marked with a similar impression. 

The second body to which I refer is the vesicular appendage, placed on the 
back of the hinder part of the foot of the animals belonging to the genus /an- 
thina ^^ which appears to assist in floating the animal on the surface of the 
sea, and probably also in supporting the eggs after the death of the parent. 
This float, as it has been called^ I am Inclined, from its being situated in the 
same position as other opercula^ to regard as analogous to those bodies in the 
neighbouring genera. 

In the Medical Repository for 1821, I first called the attention of concbolo- 
gists to the impoitanee of the characters furnished by the operculum for the 
distinction of genera and families ; and this subject, although almost neglected 
in this country, has since been pursued wi^h great assiduity by M. de Biainville 
and other French conchologists. I have fortunately had an opportunity of exa- 
mining, either in the cabinet dT the British Museum or in the Continental coU 
lections whidi I have visited, the animals of the greater number of genera of 
shells, and havebe^i thereby enabled to determine that the form and structure 

* Cuvi9B at the tinke of publbhing hia Anatpmy of Molluaca appears to haTe entertained* the same 
theory, for he there properly describes this body as attached to the hinder part of the foot, a little below 
the nsual place of the operctilmn ; bnt in his Animal Kingdom he seems to have abandoned it, and 
describes the animal as having no operculum, but having a vesicular organ under its foot. — R^gne 
Animal, ed. 2. torn. iiL p. 84. 
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of their opercula offer some of the most constant characters for the distinction 
and arrangement of families and genera; while, on the other hand, I have con- 
vinced myself that systematists have been in the habit of placing too much 
reliance on the mere fact of their presence or absence as a family character, 
inasmuch as that circumstance alone will scarcely prove of generic importance. 
Thus in the genus Valuta^ the animals of the eight or nine species which I 
have examined are all destitute of opercula, except Voluta musica, which has 
an operculum of moderate size. The Olives and Mitres are in the same predi- 
cament, most of the large species being destitute of opercula, while the smaller 
species of both genera are furnished with rather large ones, as may be easily 
seen in specimens of OUva ehumeay O. zonalis^ or Miira striatula, in which the 
animals have been dried ; and shells in this state are not uncommon in collec- 
tions. The species of Cones offer in this respect the same variations. These 
observations will explain the apparent contradictions of describers, and the 
frequent controversies that have taken place as to whether these and some 
other genera have or have not opercula. That their presence or absence is not 
a family character may be inferred from all the genera of Bticcinidce being pro- 
vided with them except Harpa and DoUum. And this leads me to remark, 
that many genera and species which have very large mouths, in comparison 
with others of the fieunily to which they belong, are destitute of, or have very 
small, opercula, whilst the others have moderate sized, or even large ones. 
Thus the wide-mouthed Cones, as, for example, Canus geographicusj have no 
operculum, whilst the other species have a distinct one: and the genera Cry-- 
pto^toma and Concholepas have very small opercula, in comparison with the 
size of their mouths, whilst the other genera allied to them have their opercula 
nearly as large as the mouths of their shells. The genus Vermetus is in this 
respect very remarkable : most of the species have the operculum as large as 
the mouth of the shell; but there is one in the British Museum which has an 
operculum very small in comparison to the size of the body of the animal, and 
not one fourth part of the diameter of the tube of shell. Some species of this 
genus, indeed, are described as ha^ng no operculum ; and the observation of 
the above fact induces me to give credit to the description which I was at first 
inclined to doubt. 
But of all the variations in this particular, those of Capulus and Hippamfx 
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are the most remarkable : some species appear always to have an opercolumj 
which^ like the mider valve of Crania^ differs in thickness according to the 
form and degree of exposure of the substance to which it is attached :— others^ 
as the commoviCapuhis Hungaricus, are generally without operculum^ although^ 
according to the observations of Dr. Turton^ the last-named species sometimes 
forms a thin support ; — and there are others which^ instead of forming an oper- 
culum^ make for themselves (as has been already alluded to in this paper^) a 
cavity in the substance of the shell to which they are afllxed/ which is marked 
with a lunate ridge^ corresponding with the muscular scar of the opercu- 
lum^ and doubtless occasioned by the attachment of the adductor muscle to 
that part of the shelly which is thus protected from the dissolving power of 
the mantle. 
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— - of the portal canals of, 730. 
of the lobular venous plexuses of, 744. 

■ of the lobular arteries of, 747. 

of the cortical and medullary substances of Ferrein, and of the appearances pro- 
duced by congestion, 74d. 
Lubbock (John William, Esq.). Note on the tides, 19. 

M. 

Magnetic forces soliciting a horizontal magnetic needle, experiments to determine the 

relative, 237. 
Magnetic lines of equal variation, on the present situation of, and theur changes on the 

terrestrial surfieice, 667. 
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Magnetic powers of sofk iron, oh the^ S3S. 

Magnetical experiments^ made principally in the South of Europe and in Asia Minor, 
during the years 1827-1882, 237. 

Magnetism of soft iron, under the inunediate inductive influence of an electric current, 
eminendy useful in the formation of artificial magnets, S40. 

Magneto^ledrie induction^ experimental determination of the laws of, in diflerent masses 
of the same metal, and of its intensity in different metals, 95. 

Magneto-electric intensity, in different masses of the same metal, on the law of variation 
of, 101. 

— — ^_— — — in different lengths of the same wire, ibid. 

— — — — ^— in wires of different diameters, 120. 

Mars, on the extensive atmosphere of, 15. 

Medulla oblongata and medulla spinflUs, on the reflex function of, 635. 

Metaphosphate of barytes, experiments on, 278. 

— — — ^— of lime, experiments on, 280. 

MoUusca, of the power they possess to dissolve sheUs, rocks, &c., 796. 

on the deposition of shelly matter by the foot of, 805. 

Molluscous animals, some observations on, and on the structure of their shells, 771. 

Motions of the planets, on the development of the disturbing function, upon which their 
inequalities, caused by their mutual attraction, depend, 559. 

MuLLER (John, M.D.)» On the existence of four distinct hearts, having regular pulsa- 
tions, connected with the lymphatic system, in certain amphibious animals, 89. 

N. . ^ 1 

Nebula and clusters ofstars^ observations of, made at Slough :srith a twenty-feet reflector 

between the years 1825 and 1833, 359. 

— Tables of observations of, 365-481. 

Nervous and muscular systems in the more perfect, animals, on the relation which subsists 

between them, 55. 
North magnetic pole ^ its position as determined by Captain Ross and Commander James 

Ross, coincides with the common point of Intersection of Mr. Barlow's curves of 

equal variation, 673. 

P. 

Philip (A. P. W., M.D.). On the relation which subsists between the nervous and mus- 
cular systems in the more perfect animals, and the nature of tiie influence by which 
it is maintained, 55. 

•^— ^ On the nature of sleep, 73. 

Phosphates and pyrophosphcUes, of the neutral, 267. 

Phosphoric twid, of the modifications of, 280. 



Digitized by 



Google 



826 INDEX. 

Pofis^ establishment of, meaning of the term explainedf 19* 

of Brest, Plymouth, Povtamouth, Sheemess, and London Docka, 21. 

of St- Helena, 92. 

R. 

Recent volcano in the Mediterranean, Note on Dr. John Davy's paper on, 546, 
Ritchie (Rev. William, LL.D.). Experimental researches in electro-mngnetism and 

magneto-electricity, 313. 
River and Gulf of St. Lawrence, tides of, 210. 
River Elbe, tides of, 210. 

Gironde, tides of, 210. 

Thames, tides of, 208. 

■ tides, magnitude of, 208, 
— — the bore in, 205. 



— — — ■ Waveney, tides of, 209, 

Weser, tides of, 210. 

Rivers, high and low water in, 205. 

■ velocity of the tide-wave in, 207. 
Ross (Captain), his return noticed, 673. 

S. 

Shells, first formation of, 771. 

— — on the operculum of, 806. 

— — the structure of, 789. 

— — their external form and variations, 774. 

Sleep, on the nature of, 7S. 

Soda, biphosphate of, experiments on, 270. 

Soft iron horse-shoe magnet, account of one that had been made nearly six months, which 

supported a weight of lOOlbs., 337. 
Soft iron horse-shoe magnetized by an electric current, experiments to determine the 

weight it could supi>ort, with from one to fifteen thin plates of mica interposed be* 

tween the poles and the keeper, 339. 
South (Sir James). On the extensive atmosphere of Mars, 15. • 
Sta&k (James, .M.D.) On the influence of colour on heat and odours, 285. 
Subarseniate and subphosphate of barytes, experiments on, 264. 
--—--———— ^—— lead, experiments on, 266. 
■ Ume, experiments on, 265. 



-^ soda, experiments on, 253. 



Subphosphates and subarseniate of potash, experiments on, 263. 
Sulphuret of carbon and crown glass, dispersive ratio of^ 6. 
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INDEX. 827 

T. 

Telescope (Jluid-lens refraeiing), account of the construction of, 1. 

------ --------------------------- general principle adopted in the construction of, 5. 

■ equations to determine the curvature of the lenses of, 6. 

Terrestrial magnetic force^ on improrements in the instruments and methods employed 

in determining the direction and intensity of^ 343. 
Tide observatioHs, causes of inaccuracy in, arise from : — 

1. Difierence between the time of high water and slack water, 156. 

2. Change of the moon's angular distance from the sim in the course of the day, 159. 

3. The semimenstrual inequahty of the establbhment, 161. 

4. The correction of the establishment for the age of the tide, 16S. 

— — — now extant, discussion of, 164. 

————— suggestions for making them in future, viz. : — 

1. Of the observation of the height and time of tides, .227. 

2. On finding the estabUshment of any place by observation, 228. 
8. On the effects of the age of the tide, 231. 

4. On the mode of reducing tide observations, 231. 

5. On tracing the motion of the tide-wave by comparative observations, 233. 
Tides, (derivative,) 150. 

■ general remarks on the course of, viz : — 

1. On the velocity of the tide-wave, 211. 

2. On the form of the cotidal lines, 213. 

3. On tide-currents running alternately in two opposite directions, — ^and revolving 

tide-currents, 215. 

4. On the magnitude of tides, 217. 

5. On the constancy of cotidal lines, 219. 

6. On some peculiarities of the tides, viz : — 

Difference of the two diurnal tides, 221. 
Single day tides, 224. 
Double half-day tides, 226. 

■ note on the, 19. 
— — of rivers, on, 203. 

— - of St. George's Channel, 179. 

— — - of the Arctic Ocean, 184. 

— — of the Atlantic Islands, notice of some anomalies pertaining to, 173. 

of the British Channel, 176. 

— — of the coasts of Australia, 197. 
— of the Indian Ocean, 200. 
— — of the North Sea, 175. 

MDCCCZXXIII. 5 O 
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838 INDEX. 

I^deg of the Pacific, on the, viz : — 

1. Western coast of America, 19S. 

2. Central parts of the Pacific, 195. 
8. Western parts of the Pacific, 196. 

of the South Atlantic, 189. 

— • — t on the east coast of the Atlantic, considered, 169. 

^ an tike east coast of Great Britain^ 185. 

of the West of Ireland, 181. 

on a globe covered mth water, 140. 

•■ of the west coast of the Atlantic, considered, 169. 

— on the west cocLst of Scotland, 188. 

' on the coast of the German Ocean, 186. 

Turner (Edward, M.D.)« Experimental researches on atomic weights, 523. 

Voltaic battery, observations on the, so called, poles of, 708. 

Volcano in the Mediterranean, , notice of the remains of the recent, 143. 

W. 

Watkins (Mr. Francis). On the magnetic powers of soft iron, 333. 

Wheatstonr (Charles, Esq.). On the figures obtained by strewing sand on vibrating 

surfaces, commonly called acoustic figures, 593. 
Wheweu (Rev. W.). Essay towards a first approximation to a map of cotidal lines, 147. 
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METEOROLOGICAL JOURNAL FOR JULY, 1833. 



1833. 
July. 


9 o'clock, 


A.M. 


do*dock,P.lC 


Dew 
Point at 
9 A.M. 

in de- 
grees of 

Eahr. 


Estemal Thermometer. 


IUin«In 


Diiectioa 
of the 
Wind at 
9 A.M. 


Remarks. 


Batobb. 


Attach. 
Therm. 


BaroBL 


Attach. 
Therm. 


iUknnheit. 


SeIf.reKi8ttnng. 


inches. 
Heed off 


9 A.M. 


dP.M. 


Lowest. iHighett. 


at9A.M. 


D 1 


29.869 


75.5 


29.835 


69.9 


47 


62.2 


61.6 


53.7 


66.6 


0.050 


SW 


/ A.M.Flneandclear. P.M.HcavYthun. 
\ dershowen,with hail and briakwind. 
fFloe and deaP-Ugfat cloud*.— Eren. 
\ ing, very calm. 


O S i 

5 3 


29.953 
30.041 


72.4 
69.8 


29.968 
30.071 


68.7 
68.2 


47 
47 


61.2 
63.2 


65.0 
64.3 


47.3 
50.2 


67.0 
66.7 


0.272 


W 

w 


n 4 


30.204 


73.6 


30.174 


70.2 


48 


65.8 


72.7 


51.7 


73.7 


0.094 


SSW 


Fine.-'A.M. Ooudlew. P.M. Cloudy. 


? 5 


30.171 


67.3 


30.095 


70.4 


56 


63.9 


71.0 


56.6 


73.3 


0.011 


SSW 


Flne-llghtiy cloudy. 


h 6 


29.867 


68.7 


29.775 


704 


55 


68.9 


71.5 


55.3 


73.8 




£ 


/Flne^A.M. Light hi^ clouds. P.M. 
I Cloudiest. 


O 7 


29.657 


68.7 


29.697 


70.9 


56 


67^ 


67.8 


61.3 


69.7 




£ 


Lightly overcast.— Ught rain, P.M. 


1> 8 


29.827 


66.2 


29.893 


68.7 


67 


61.6 


e6J2 


58.3 


68.6 


0.105 


W 


I night. 


cJ 9 


30.116 


65.2 


30.120 


68.4 


52 


60J 


63.7 


54.8 


65.8 


0400 


N 


I floe and clear. 


510 


30.053 


70.7 


29.991 


70.3 


55 


65.0 


73.2 


53.7 


73.4 




NNW 


Fine-UghUy cloudy. 


im 


29.950 


68.6 


29.922 


71.3 


60 


64.5 


68.0 


57.6 


71.9 




NNW 


rU^tly cloudy and overeast.— Light 


? 12 


29.867 


65.3 


29.838 


67.0 


53 


58.5 


68.6 


55.6 


64J^ 




£ 




hl3 


29.933 


62.4 


29.970 


66.0 


51 


56.7 


61.1 


52.9 


61.7 




N 


Overcast-light wind. 


014 


30.012 


65.6 


29.968 


66.7 


53 


59.8 


65.2 


55.2 


70.4 




N 


Overcast. 


3)15 


30.031 


73.0 


30.073 


68.9 


56 


63.0 


69.7 


58.3 


71.4 




SE 


r A.M. Cloudy. P.M. Fine-Ught clouds 
\ and wind. 


<J16 


30.232 


72.3 


30.223 


70.7 


54 


65.2 


7a6 


56.0 


74.2 




N 


FhM and cloudless. 


#517 


30.241 


71.6 


30J220 


73.2 


62 


69.0 


78.0 


58.6 


80.4 




SW 


A.M. Fme. P.M. Cloudy. 


2^18 


30.184 


71.0 


30.109 


74.5 


61 


70.5 


78.4 


63.7 


80.4 




S 


Ligfatiy cloudy.-.Fine, P.M. 


$ 19 


29.905 


71.1 


29.802 


73.2 


58 


66.5 


70.6 


62.8 


74.8 




SW 


A.M.Ilne. P.M. Heavy rainatS|b. 


h^ 


29.665 


73.3 


29.660 


73.6 


58 


e7S 


68.0 


60.0 


71.4 


sw 1 


Qoudy.— Light wind and rain, P.M. 


©21 


29.778 


70.6 


29.821 


70.7 


53 


62.1 


64.4 


53.3 


•66 J 


0.092 


w 


A.M. Cloudy. P.M. line and clear. 


}>22 


29.827 


65.7 


29.693 


68.6 


58 


59.0 


67.8 


52.2 


69.7 


0.161 


SSW 


r A.M. Rain. P.M. Ooudy.— Evening, 
I fine. 


^23 


29.769 


68.6 


29.682 


69.8 


57 


63.9 


62.1 


57.3 


70.7 


0.200 


WSW 


/Overcast.— Heavy shower, P.M.— 
\ Evening dear. 


5 24 


30.065 


70.7 


30.108 


69.6 


50 


63J 


e7J2 


51.4 


67.8 


OJ97 


NNW 


Fine and dear— light douds. 


0^25 


30.307 


67.8 


30.307 


69.8 


57 


63.1 


70.3 


53.1 


71.8 




SW 


OrefCBSt.— Evening, flae ti§d dear. 


?26 


30.339 


71.3 


30.279 


70.7 


50 


65.2 


73.9 


53.3 


76.3 




WSW 


Fine and nearly doudless. 


h»7 


30.301 


72.4 


30J}83 


73.9 


63 


71.4 


79.6 


63-2 


80.5 




w 


/ Fine.— A.M. Light high clouds. P.M. 
\ Nearly cloudless. 


028 


30.326 


73.9 


30.301 


75.6 


64 


71.7 


75^ 


64.7 


78.4 




NNE 


A.M. Overcast. P.M. Hue and clear. 


})29 


30.347 


73.6 


30.324 


75.1 


59 


67.3 


74.3 


58.7 


75.7 




E 


r A.M. Light soft clouds. P.M. Clear 
1 anddoudless-lightbreese. 


<y30 


30.461 


70.4 


30.455 


73.0 


58 


61.0 


67 JS 


56.3 


70.7 




N 




5 31 


30.434 


66.2 


30.366 


70.6 


54 


59.6 


68.6 


53.3 


68.8 




NNE 


Flne-Ughtly cloudy. 




Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Sum 








30.056 


69.8 


30.033 


70.6 


55.0 


64.1 


69.2 


56.1 


71.5 


1.682 






Monthly Mean of 


ftheBt 


ffometer, < 




1 for Ci 


ipillarity and reduced to 32^ Fahr. .. 


( 


9 A.M. 3 P.M. I 
29.942 29.916 i 














OBSERVANDA. 


Height of 


theCia 


temofth< 


i Baron 


leterabi 


Dve a Fixed Mark on Waterloo Bridge »83 feet 2| in. 












The Extei 


rnalTh 




i82fe< 


it highe 


r than the Barometer Cistern. | 


Height of 
The hours 


the Re 
ofobec 


ceiveroftl 
TTation ar 


lieRaiD 
eofMe 


Gauge 
an Tim 


above the Court of Somerset House., 
e, the day beginning at Midnight 


«79 feet. 




The Then 


nometei 


rs are grad 


luatedfa 


y Fahrenheit's Scale. | 


The Baroi 


neteris 


diTided IK 


ito inch 


esandc 


lecimals. 1 
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METEOROLOGICAL JOURNAL FOR AUGUST, 1833. 



1833. 

August. 


9o*clnck, 


A.M. 


S o'clock, 


P.M. 


Dew 

Point at 
9 A.M. 

inde- 
greesof 

Fahr. 


External TliennoBMter. 


Rain, in 
inches. 
Read off 


IMrection 

of the 
Wind at 
9 A.M. 

1 


Remarks. 


Barom. 


Attach. 
Therm. 


Barom. 


Attach. 
Thorn. 


Fahrenheit. 


Sdf.r«8Sale«ng. 


9 A.M. 


3 P.M. 


Lowest. 


Highest 


at9A.M. 


n 1 


30.392 


65.7 


30.404 


70JB 


60 


61.4 


65.3 


57.3 


66.4 




NN£ 


Cloudy-Ughtwind. 


? 2 


30.378 


63.3 


30.352 


^7:2 


54 


57.6 


63.3 


53.6 


64.5 




NNE 




h 3 


30.301 


63.3 


30.314 


67.4 


54 


60.0 


64.2 


54.8 


64.7 




N 




O 4 


30.366 


66.3 


30.297 


66.9 


43 


59.4 


65.1 


48.7 


68.3 




N 




}) 5 

e 6 


30.111 
30.172 


64.4 
66.3 


30.087 
30.150 


68.0 
67.4 


51 

47 


63.0 
58.8 


67.4 
65.3 


61.7 
49.4 


68.2 
66.7 




NNW 
NNE 


f A.M. Lightly cloudy. P.M. Fine and 
\ clears— Shower at night. 


5 7 
n 8 

? 9 
h 10 


30.141 
30.091 
30.063 
30.031 


64.5 
66.3 
67.3 
67^ 


30.084 
30.071 
30.012 
29.978 


66.8 
67.6 
68.8 
69.7 


45 
50 
53 
55 


58.4 
62.2 
65.8 
63.8 


66.6 
67.2 
69.5 
70.6 


48.8 
52.8 
58.6 
55.2 


68.7 
69.7 
73.7 
73.6 




N 
W 

ssw 
w 


rFine.«-A.M. Neariy doudlen. P.M. 

{ aoudy-Ilghtwind. 
f A.M. Fineand cloudless. P.M. Cloudy. 
I Evening, lightly cloudy— calm. 
fA.M.^Flne-flearly doudlesg. P.M. 
\ lightly overcast. 
{'^SSriJfeP.BL^'" cloud...Heavy 


on 


30.002 


67.3 


30.030 


69.8 


58 


63.7 


67.7 


BIJ2 


70.0 


0.078 


wsw 


Fine-Ughtly cloudy. 


})12 


30J10 


66.2 


30.154 


68.7 


49 


59.7 


67.0 


49.8 


68.8 




w 




^13 


29.827 


62.8 


29.728 


66.8 


51 


57.1 


6iJi 


62.7 


66.6 




WNW 


Overcast. 


§14 


29.649 


63-4 


29.675 


06,6 


51 


59.0 


63.8 


50.7 


65.3 


0.008 


NNE 




• 2^15 


29.768 


62.2 


29.760 


65.8 


52 


59.3 


65.2 


50.2 


66.3 




N 


A.M. Fine. P.M. Lightly overcast. 


?16 


29.794 


64.4 


29.838 


66.5 


46 


61.2 


65.6 


52.2 


66.3 




SSW 


A.M. Ooudy. P.M. Fine. 


hl7 


29.918 


64.8 


29.848 


66.4 


49 


60J 


67.3 


50.6 


69.9 




ssw 


A.M.Flne. P.M. Ooudy. 


018 


29.827 


62JS 


29.836 


66.4 


51 


59.3 


65.2 


62.6 


69.6 




sw 


A.M. Fine. P.M. Rain. 


}> 19 


29.838 


65.4 


29.875 


6fa 


56 


64.0 


68.3 


57.7 


69.4 


0.204 


wsw 


Fine-^ht clouds. 


<J20 


29.986 


66.4 


29.934 


68.9 


50 


62.7 


70.2 


54J 


71.7 




8W 


Flne-lighUy cloudy. 


5 21 


29.899 


66.3 


29.794 


69.9 


55 


64.5 


72.6 


61.8 


76J» 




sw 


{Xi^i'^.'"'^ ^■"•^"^ 


2^22 


29.782 


67.8 


29.722 


69.1 


47 


60.3 


67.8 


52.0 


68.6 




sw 


Fine— nesriy cloudkst. 


?23 


29.658 


66.6 


29.707 


68.8 


48 


61.1 


67.8 


51.0 


68.3 




SWvar. 


Fine-light clouds and wind. 


h24 


29.964 


64.2 


29.990 


68J 


53 


6U 


68.7 


54.2 


69.4 




W 


Flne-lightty cloudy. 


025 


30.126 


60.4 


30.196 


67.3 


52 


59.9 


61.8 


53.3 


64.5 




NEvar. 


A.M. Fine. P.M. Qoudy. 


]>26 


30.303 


61.8 


30.259 


66.2 


51 


67.5 


67.3 


54.0 


68.2 




NW 


A.M.Lightiy overcast. P.M. Fine. 


^27 


30.255 


64.2 


30.194 


66.7 


51 


58.3 


69.5 


50.4 


71.5 




SW 




5 28 


30J257 


65.7 


30.225 


68.9 


54 


63.2 


72.8 


53.0 


73.7 




ssw 


Fine-Jight clouds. 


1A29 


30.159 


67.4 


30.010 


69.6 


59 


61.5 


72.8 


56.3 


75.3 




s 


fFine.-A.M. Light clouds. P.M. 
\ CloudleM. 


O$30 


29.893 


66.7 


29.713 


69.0 


52 


61.3 


66.2 


66.4 


68.2 




sw 


rA.M. Qoudlew. P.M. From »h. 
I rain and high wind. 


h31 


28.970 


61.2 


29.011 


60.3 


51 


52i» 


50.9 


48.2 


52.5 


0.277 


sw var. 


Light rain, with high wind. 




Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Sum 








30.004 


64.9 


29.976 


67.7 


51.2 


60.6 


66.7 


53.0 


68.4 


0.567 






Monti 


tily Mean 


of the 1 


barometer 


conected for i 


[i^pillarity and reduced 


to 320 


^'^^ 129.904 29.867 J 












OBSERVANDi^ 


i. 






Height of 


theCia 


tern of th 


e Barometer a\> 


OTe a Fixed Mark on 1 
yre the mean level of tl 


rVaterlm 


9 Bridge «83feet2|in. 




TbeExte 


rnalTh 


ermomete 


r is 2 feet highc 


Cistern. | 




Height of 
The houn 


the Re 


ceiTer of t 


be Rain Gauge 


i above the Court of So 
le, the day beginning a 


merset 


House —79 feet. 




lof obs( 


nration ai 


■e of Mean Tin 


t Midni 


ght. 




The Ther 


momete 


rs are grai 


luated by Fahr 


cnheit*s Scale. 








The Baro 


meter ifl 


divided i 


nto inches and 


decimals. 
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METEOROLOGICAL JOURNAL FOR SEPTEMBER, 1833. 





9 o'clock 


A.M. 


3 o'clock 


,P.M. 


Dew 










1833. 
Scpu. 










Potntat 
9 A.M. 

iDde. 
greet of 

Fahr. 






Rain, ic 


Direction 

of the 
Win |at 
9 A.M. 


Remarlcs. 


Barom. 


Attach. 
Therm. 


Barom. 


Attach. 
Therm. 


Fahrenheit. 


SdCiegistering. 


inches. 
ReadofT 

BtUA M 






9 A.M. 


3 P.M. 


Lowest. 


Highest. 


MVA.jn. 






1 


29^67 


57.5 


29J98 


59.8 


41 


51.3 


65-0 


48.0 


55.3 


0.113 


£SE 


Flne-JIghUy cloudy. 


D 8 


29.958 


55.8 


29.950 


59.7 


39 


50.2 


60.2 


41.0 


61.9 




SW 


/Fine.— A.M. Qoudleti. P.M. Ught 
1 cloudn. 


3 3 


29.707 


58.5 


29.610 


59.8 


53 


56.6 


57.9 


49.8 


61.2 




SSW 


|Fini>— liffht clouds.— Heavy rain at 


5 4 


29.944 


57.2 


30.056 


59.3 


45 


54.0 


57.4 


47.2 


58.6 


0.113 


NE var. 


Fine— light clouds and wind. 


n 6 


30.303 


54.7 


30J99 


58.4 


45 


52.3 


59.7 


43.0 


59.3 




NNE 


1 Fin^-lightwlnd.— A.M.Nearlycloud- 
1 less. P.M. Light clouds. 


? 6 


30.281 


56.2 


30.181 


59.9 


49 


54.9 


62.8 


45.4 


63.3 




NEvar. 


r Fine-light wind^A.M. Light clouds. 
\ P.M. Cloudless. 


h 7 


30.059 


57.0 


29.996 


62.5 


53 


574 


66.0 


49.6 


67.2 




NEvar. 


Flne-lighUy cloudy. 


Q 8 


29.816 


58.0 


29.804 


61.9 


52 


55.2 


61.8 


52.9 


62.8 




SE var. 


r Overcast-light windw— Ught rain, 


J 9 


29.899 


59.8 


30.027 


68.2 


55 


67.9 


64.3 


54.8 


64.8 


0.025 


NNW 


f A.M. Lightly overcast. P.M. Flne- 
1 light clouds. 


^10 


30.083 


60.7 


30.027 


61.5 


53 


57.6 


59.8 


56.4 


60.2 




ENE 


Lightly cloudy and overcast. 


§11 


29.792 


60.7 


29.703 


64.5 


56 


58.7 


65J2 


55.8 


66.8 




NNW 


\ Fine-Ught clouds. 


V12 


29.973 


59.8 


30.033 


62.0 


45 


55.5 


60.3 


48.2 


61.2 




SSW 


A.M. Qoudy. P.M. Fine. 


• $13 


30.146 


57.2 


30.097 


61.6 


43 


52.9 


61.0 


43.0 


62.4 




SW 


/Fine.- A.M. Nearly cloudless. P.M. 
1 Light clouds. 


hl4 


29.922 


59.6 


29.901 


63.5 


51 


59.4 


65.7 


52.2 


66.3 




NEvar. 


A.M. Fine. P.M. Ooudy. 


©15 


29.942 


58.8 


29.903 


62.5 


50 


58.0 


63.8 


46.0 


64.7 




SSW 


Fine— nearly cloudless. 


D 16 


29.689 


61.0 


29.641 


63.4 


52 


58.2 


62.0 


52.4 


64.4 




SW 


f A.M. Fine. P.M. Cloudy.— At night, 
I rain. 


^17 


29.530 


59.7 


29.623 


63.3 


53 


56.4 


62.6 


52.8 


63.5 


0.185 


ENE 


Ooudy^Light rain, early A.M. 


$ 18 


29.778 


58.7 


29.812 


62.3 


52 


54.3 


59.6 


47.5 


62.2 




SW 


Flne-Ught clouds. 


1^19 


30.043 


57.7 


80.081 


614 


48 


53.8 


59JB 


45.5 


61.7 




SW 


A.M. Fine. P.M. Light rain. 


$20 


30.253 


56.0 


30.235 


60.0 


50 


50.6 


60.6 


45.0 


61.2 


0.041 


ENE 


A.M. Fine. P.M. Lightiy cloudy. 


h21 


30.188 


57.3 


30.107 


60.7 


50 


52.8 


61.6 


49.9 


63.2 




E 


A.M. Light fog. P.M. Fine. 


Di2 


30.053 


57.6 


29.990 


61.5 


49 


53.2 


62.6 


50.0 


63.7 




E 


A.M. Fog. P.M. Fine-light clouds. 


5 23 


29.877 


58.8 


29.808 


63.6 


53 


56.2 


63.2 


5U 


64.6 




ESE 


Fine-light haze and clouds. 


^24 


29,443 


60.2 


29.415 


62.0 


55 


59.6 


61.2 


53.2 


61.5 




NWvar. 


\ —At night, high wind. 


5 25 


29.707 


61.7 


29.754 


63*9 


52 


59.9 


62.4 


55.0 


64J 




S 




1^26 


29.798 


61.2 


29.839 


64.2 


54 


59.0 


61.5 


54.2 


63.7 




S 


Fme— nearly cloudless. 


$27 


29.895 


57.7 


29.819 


61.6 


46 


49.9 


61.0 


46.0 


61.5 




SSW 


A.M. Fog. P.M. Fine. 


Oh28 


29.609 


59.7 


29.581 


61.7 


57 


57.4 


58.4 


49.4 


59.3 




ESE 


A.M. Cloudy. P.M. Fair. 


©29 


29.934 


57.7 


30.010 


61.3 


53 


52.6 


60.6 


46.3 


61.5 




WSW 


f A.M.Fineandcloudless. P.M. Lightly 
\ cloudy. 


J80 


30.254 


57.3 


30.260 


60.7 


50- 


50.7 


61.7 


48.8 


62.3 




ESE 


A.M. Fog. P.M. Flne-Ught clouds. 




Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Sum 








29.912 


58.5 


29.905 


61.7 


50.1 


55.1 


61.3 


49.4 


62.5 


0.477 


1 


Monthly Mean o 


fthe Barometer, < 


rarrecte 


dforO 


ipillarit. 


^ J :, «oA » u ^ » A.M. 3 P.M. ) 1 
f and reduced to 32o Fahr 1 29.830 29.813 J 1 


c 

Height of 


the Cistern of tb< 


i Baron 


leter ab 


OBSERVANDA. 
[>vea Fixed Marie on Waterloo Bridge «83 feet 2f io. 








afw 


>ve the 1 
Tthani 


tiMin level of the Seft rnresumed about) • as 95 feet. 1 


The Eitei 


mal Thennometei 


• is 2 fe 


H highc 


lie Barometer Cistern. 1 


Height of 
The houn 


the Receiver of tl 
of observation ar 


llA TlAltl 


Gauge 
ian T!m 




av xuuij 

eofMc 


e, the day beginning at Midnight. | 


TheTher 


mometen are grac 


luatedl 


)y Fabn 


enheit*t 


Scale. 1 


The Baro) 


meter is divided 11 


itoinch 


esandc 


lecimal! 


1 
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9o*dock,A.M. 


do*c1ock 


.P.M. 


Dew 


External Thermometer. 








1833. 
October. 








Polfltat 
9 A.M. 

inde. 
greMof 

Fahr. 




Rain, in 
incbeiJ 
RcMloff 


Dlrectton 

of the 

Wind at 


Remarks. 


Barom. 


Attach. 
Xfaem. 


Barom. 


Attach. 
Therm. 












9 A.M. 


SP.M. Lowcrt.'High«t. 


aCfA.JH. 


9 A.M. 




i 1 


30.303 


55.7 


30.264 


57.7 


45 


47.7 


55.8 


45.3 


56.7 




£ 


r A.M. Fog. P.M. Fine-light clouds 

t andhaie. 

fA.M. Light fbg. P.M. Fine-light 


9 » 


30.239 


55.3 


30.154 


58.4 


47 


48.2 


60.3 


46.8 


60.3 




E 


V 3 


30.063 


56.2 


30.039 


57.4 


51 


51.8 


55.2 


47.7 


55.1 




NNE 


t clouds and wind. 
Hase. 


? 4 


30.142 


55.2 


30.106 


58.8 


51 


51.3 


59.6 


45.6 


60.4 




NNE 


rFlne^A.M. Cloodlas. P.M. Ijght 
t clouds. 

LigbUy cloudy and overcast. 


h 5 


30.119 


54.7 


30.122 


58.6 


52 


52.2 


58.4 


45.5 


58.8 




NNE 


O 6 


30.149 


55.7 


30.126 


58.7 


53 


53.4 


60.7 


49.3 


61.3 




NNE 


/A.M. Oveicast. P.M. Fine-light 
I clouds. 


J 7 


30.158 


55.2 


30.095 


58.4 


51 


50.9 


59.> 


48.3 


59.7 




NNE 


/ A.M. Overcast. P.M. Fine and dear 
t -light clouds and wind. 


^ 8 


30.032 


55.4 


29.990 


58.7 


53 


52.7 


60.7 


47.6 


60.8 




NNE 


JA.M. Ught fbg. P.M. Fine-light 


5 » 


30.166 


55.3 


30.202 


58.3 


51 


51.0 


57.4 


48.3 


57.4 




NNE 




It 10 


30.243 


54.9 


30.170 


57.4 


49 


53.5 


55.7 


47.5 


56.5 




E 


Fine and doudlMs. 


?n 


29.994 


52.7 


29.948 


56.4 


43 


47.2 


57.2 


43.7 


58.3 




£ 


r A.M. Fog. P.M. FaiiwiigbUy over- 


Fil2 


29.950 


54.3 


29.871 


57.8 


50 


50.6 


58.2 


46.7 


58.8 




WSW 




• 013 


30.109 


51.0 


30.039 


55.3 


41 


43.8 


51.9 


38.6 


57.6 




WSW 


rA.M. Fine and dottdlcis. P.M. Fair 
1 -UghUydoudy. 


]l 14 


29.540 


55.8 


29.478 


58.6 


57 


57.7 


57.7 


43.3 


59.7 


0.014 


SSW 


Rain. 


J 15 


29.225 


55.3 


29.128 


57.6 


44 


49.7 


53.7 


47.8 


54.3 


0.014 


SW 


I ing, light rmin. 


$ 16 


29.215 


51.8 


29.294 


53.8 


45 


45.4 


50.3 


41.3 


50.3 


0.017 


w 


{'r?:»^5i;S£."-"- 


JH7 


29.556 


51.4 


29.633 


53.7 


49 


49.1 


51.7 


43.2 


52.6 


0.028 


NW 


A.M. Light rain. P.M. Overeasu 


?18 


29.668 


50.3 


29.547 


53.3 


43 


45.7 


51.2 


41.2 


51.2 


0.008 


W 


r LighUv doudy and haxy.-L|ght wind. 


hl» 


29.433 


50.9 


29.893 


54.2 


47 


47.8 


51.3 


42.8 


53.3 


0.031 


W 


Flne-UghUy cloudy. 


©20 


29.572 


48.6 


29.715 


52.3 


41 


41.7 


50.8 


38.3 


55.5 


0.008 


W 


I light clouds and wind. 


J21 


29.671 


52.3 


29.627 


55.4 


55 


55.8 


57.7 


41.2 


57.7 




S var. 


( Overcast.— At night, rain with strong 


J22 


29.677 


57.3 


29.692 


60.3 


56 


56.0 


59.3 


54.8 


60.7 


0.028 


SSW 


f Fair^ighUy overcast.— At night, rain 
t with sU-ong brisk wind. 


533 


29.430 


57.6 


29.507 


59.9 


55 


56.9 


56.6 


53.2 


59.3 


0.014 


8 


light wind and broken douds. 


V24 


29.686 


55.7 


29.576 


59.6 


52 


53.3 


61.8 


47.3 


61.7 


0.008 


£S£ 


r A.M. Lightly doudy. P.M. Light 
I clouds and wind. 


$ 25 


29.470 


58.3 


29.428 


00.6 


53 


55.9 


60.5 


53.3 


61.7 




E 


r Fine-light high douds^-Ereoing, 


Ti26 


29.567 


58.9 


29.522 


61.2 


54 


56.0 


60.9 


54.7 


62.3 




ESC 


f A?M!*FiMand clear. P.M. Overcast. 
\ Evening, light rain. 


©27 


29.875 


57.7 


29.847 


60.7 


51 


52.1 


59.3 


48.8 


59.4 


0.006 


ESE 


rA.M. Hase. P.M. Fine-light floe 
\ Fine. 


OJM 


29.776 


59.2 


29.744 


61.6 


56 


56.5 


60.5 


51.8 


60.5 




E 


^29 


29.729 


58.8 


29.878 


61.9 


55 


55.8 


62^ 


52.7 


62.3 




£ 




§ 30 


30.011 


58.3 


30.008 


60.4 


52 


52.6 


60.7 


49.7 


61.3 




£ 


A.M. Hase. P.M. Fine and cloudless. 


h 31 


30.071 


56.4 


29.999 


58.4 


48 


48.2 


54.5 


47.2 


56.7 




W 


Fog. 




Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean Sum 








29.834. 


55.0 


29.827 


57.9 


50.0 


51.3 


57.1 


46.9 


58.1 0.176 






Month] 


y Mean of the Barometer, < 




ipillarity and reduced to 32<» Fahr 


9 A.M. 3 P.M. > 
,29.762 29.746 J 








OBSERVANDA. 






Height of the Cistern of th< 


3 Barometer ab 


ove a Fixed Mark on Waterloo Bridge 


»83 feet 2f in. 

OR XU^A 




The External Thennomete 
Height of the Receiver of t 


r 18 2 feet highc 
he Rain Gauge 
■e of Mean Tin 


ove tne mean level or tne Sea (presumed about) 

!r than the Barometer Cistern. 

\ above the Court of Somerset House ••••... 


••.« bVO feet. 

«79feet. 




The hours of observation ai 


le, the day beginning at Midnight. 






The Thermometers are gnu 


luated by Fahr 


enheit's Scale. 




, 


TheBanx 


meter is 


divided i] 


nto inch 


esand 


Jecimal 


B. 










i 
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1833. 
Not. 


9 O'clock, A.M. 


8 o'clock 


P.M. 


Dew 
Point at 
9 A.M. 

in do. 
greet of 


External Thermometer. 


Rain, in 


Dilution 

or the 

Wind at 

9 A.M. 


Remarks. 


Buom. 


Attach. 
Tbcnn. 


Bucm. 


Attach. 
Therm. 


Fahrenheit. 


Sel£.reglaterlng. 


inches. 

Remloff 

at9A.M. 


9 A.M. 


3 P.M. 


liOweit. Hlgheit. 


? 1 

h a 

O 3 

5 4 


29.840 
30.056 
29.721 
30.185 


58.3 
55^ 
54.7 

49.8 


29.841 
29.8)>4 
29.858 
30.144 


604 
584 
55.7 
52.4 


67 
47 
41 
38 


674 
49.0 

484 
40.8 


584 
554 
514 

484 


47.7 
454 
45.8 
374 


59.7 
564 
514 

494 


0.007 
01008 


WSW 
WSW 
WNW 
WSW 


rA.M. Rain, early. P.M. Floe and 

A.M. Lightly doudy. P.M. Fine. 
/ A.M. Fine and doudlcM-light bridi 
1 wind. P.M. Cloudy. 
rFtoe.-A.M. Nearly doudlew. P.M. 
1 Light clouds. 


3 6 


30J84 


48.7 


30.134 


51.0 


41 


444 


504 


374 


53.7 




WSW 


Orercait.- Light rain, P.M. 


5 « 


30.004 


53.7 


29.990 


574 


52 


544 


554 


43.7 


57.4 




WSW 


Overcaat and doody-Ught wind. 


U 7 


29.853 


51.9 


29401 


51.7 


48 


46.8 


43.6 


43.6 


46.8 




wsw 


Bain.>Dark and lowering, P.M. 


? 8 


29.895 


46.6 


29419 


48.4 


86 


88.7 


44.7 


354 


44.7 


0456 


NNW 


Fine-light doudf. 


h » 


29.998 


4SJ9 


30.053 


47.4 


88 


39.7 


424 


374 


45.8 


0.008 


WSW 


A.M.Hase. P.M. Fine- light ctouds. 


©10 


30.122 


474 


30.110 


49.7 


43 


464 


51.1 


874 


51.1 




SSW 


U^dydoudyandoreraut-Ilghtain. 


• ]>11 


30.078 


50.3 


30.053 


514 


45 


48.6 


504 


46.4 


50.7 




S 


Orercast-Lightrato, P.M. 


^l8 


30.223 


49.7 


30424 


514 


42 


40.7 


454 


414 


454 




8W 


Strong fog. 


(13 


30.303 


49.4 


30463 


50.4 


45 


45.1 


47.0 


404 


47.0 




SW 


UghUy overcast and haxy. 


vw 


30.158 


45.3 


30.122 


464 


38 


384 


42.1 


354 


42.1 




N£ 


Flne-Ugbthaac-aoudleis, A.M. 


?I5 


30.071 


44.4 


29.976 


444 


35 


37.8 


404 


364 


404 




£ 


Overcast-light fog. 


hl6 


29.874 


44.8 


29.867 


474 


38 


414 


45.0 


37.4 


45.7 




8 


{ AM^""*^ ft* "d deporitton. 


©17 
J 18 


29.986 
30.291 


46.7 
50.6 


30.036 
80493 


50.0 
52.0 


44 

48 


474 
504 


514 
52.7 


40.7 
46.4 


52.4 
52.7 




SSW 
£S£ 


^19 
520 


30.251 
30.109 


52.7 
49.1 


30.198 
30.057 


53.8 
514 


49 
40 


49.7 
404 


504 
464 


494 
404 


504 

48.7 


• 


W 

SW 


Ovevcait-lightfog. 

f Light fog.- A.M. Overcart. P.M. 
I Cloudless. 


nil 


30.057 


51.2 


29464 


524 


45 


454 


49.7 


40.7 


53.7 




w 


Lightly doudy.- 1 Jght fog, A.M. 


$32 


29.647 


58.7 


29.469 


554 


52 


53.7 


544 


45.0 


544 




SSW 


Ooudy-ligfatwind. 


h23 


29.723 


51.8 


29.724 


534 


44 


454 


4a4 


43.7 


48.4 




wsw 


A.M. Ughtlyovereast. P.M. Fine. 


©34 
J 25 


29.604 
29.691 


49.8 
46.7 


29419 

29.788 


514 
474 


45 
36 


454 
38.1 


48.1 
424 


404 
364 


48.4 
424 


0.122 


SSW 

wsw 


/ A.M. FIneanddear-UghtdoudincM. 

I P.M. Dark-showery. 

/A.M. Cloudlett-light foe anddepo- 

\ sition. P.M. UghUy cloudy. 

r A.M. Fog and hoarfrost. P.M. Fine 

/Fine- light wlnd^A.M. LighUy 
\ cloudy! P.M. Cloudless, 
r A^M. Overcast-light fog and depo. 
\ sition. P.M. Rain. 


,J36 

5 27 

V28 


30.155 
29.889 
29.405 


43.3 
45.4 
44.4 


30.134 
29.738 
29.058 


444 
46.0 
46.7 


31 
89 
42 


34.1 
41.4 
42.7 


404 
404 
47.7 


314 
334 
34.6 


41.4 
42.7 
504 


0.067 


SSW 
£SE 

SSE 


?39 
H80 


29.227 
30.029 


474 
454 


29.441 
30.018 


484 
474 


37 
89 


41.t 


474 
464 


424 
38.7 


474 

514 


0.031 
0.009 


WSW 

w 


/Light wind^A.M. Fine- lightly 
1 doudy. P.M. Lt. rain. Evenlngclear . 
Fine-light hase.- Cloudless, A.M. 




Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


Sum 








29.949 


49.1 


29406 


504 


424 


44.6 


48.0 


40.4 


49.1 


0.808 






Month] 


[j Meano 


ftheBi 


irometer, 


corrected for C 


apiUarit 


yandr 


educed 


to 32^ J 


Uir. ••••••••.••• < 


9 A.M. 3 P.M. > 

29.896 29.847 5 














01 


IS£R\ 


rAVDl 


U 




1 


Height of 


theCis 


tcraoftb 


B Barometer ab 

nh 


oreaF 


ixedMi 

meanU 

leBara 

theCov 

bjbegi 

Scale. 

k 


ifkon^ 
svelofti 
meter C 
irtof Sc 
nninga 


e^aterlot 

he^( 
•stem, 
nnerset 
t Midni 


DBridg 
presum 

Houae. 
ght. 


e« r »M fillet 9X in. 1 


ed about) 


Qr 1^^* 


Theexten 
Height of 
niehoun 
The Then 
IlieBaroi 


Ml The 
the Re 
of ob« 
nomete 
meter is 


fmoooeter 
cehrerof t 

ra are gnu 
divided h 


i8 2feethighei 
he Rain Gaii« 


yvc toe 
thantl 
) above 
e,thed 
enheit's 
cledmal 


—70 Aui* 


«ofM( 
luatedl 
ntoinch 


ianTIni 
ij Fahr 
esandi 


OaO^WaaOOOOfr WW w V w v« WW w «r a^^w* 
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ROYAL SOCIETY. 



ADDRESS 



fflS ROYAL HIGHNESS THE PRESIDENT, 

DELIVBRED AT 

The Anniversary Meetings November 30, 1833. 

Oentleuen, 

Xh£ third anniversary of my election to this Chair affords me 
again the opportunity of expressing my grateful thanks for the kind- 
ness which I have continued to receive from you. I would willingly 
enlarge upon a topic which is so grateful to my feelings, were I 
not conscious that hy so doing I should merely vary the form of 
phrases which the natural expression of my sentiments prompted me 
to use when I have before had the pleasure of addressing you, whilst 
the sentiments themselves remain not merely unchanged, but, I 
trust, likewise unchangeable. If I am thus brief, therefore. Gentle- 
men, in the public declaration of my acknowledgements, from a fear 
of being tedious by their too frequent repetition, I hope that you will 
not upon that account consider tiiem the less sincere, or that the 
long experience which I have had of your support and co-operation 
has made me less sensible of their value. 

When I last had the honour of addressing you, it was a source of 
pride and happiness to me to be empowered to announce to you the 
gracious intentions of His Majesty to continue to the Royal Society 
the Annual Grant of two Gold Medals, which had been previously 
conferred on the Royal Society by his Royal Predecessor. 

It must be well known to you, G^tlemen, that these Royal 

a2 
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Medals were not adjudged during the two first years that I presided 
oyer the Royal Society ; and as there exist many circumstances con- 
nected with the original grant and distribution of those Medals, as 
well as causes leading to dieir temporary discontinuance, with which 
the Fellows may not be generally acquainted, I trust that I may be 
allowed to enter into some details respecting them. 

His late Majesty King George the Fourth announced, towards 
the dose of the year 1825, through the medium of the Secretary 
of State for the Home Department (Sir Robert Peel), his gra- 
cious intention of founding two Gold Medals, of the value of Fiity 
Guineas each, to be annually awarded as honorary premiums, un- 
der tibe ^lirection of the President and Ck>uncil of the Royal So- 
ciety, in such a manner as should, by the excitement of com- 
petition among men of science, seem best calculated to promote 
the objects for which the Royal Society was originally instituted. 
This munificent gift of the Patron of the Royal Society was of 
course accepted by the President and Council with every expres- 
sion of gratitude for so valuable an addition to their means of pro- 
moting the interests of science ; and it was resolved that, in con- 
formity with His Majesty's Commands, the Royal Medals should be 
acyudged for the most important discoveries or series of investiga- 
tions completed and made known to the Royal Society in the year 
preceding the day of their award ; that their presentation should 
not be limited to British subjects ; and that His Majesty's effigy, if 
such should be the Sovereign's pleasure, should form the obverse of 
the Medals ; and that two Medals firom the same die should be stmck 
upon each foundation, one of gold and the other of silver. 

Upon proceeding to tbe distribution of the Medals, it was found 
that the limitation of time which tiiese Resolutions fixed Was of such 
a nature as tointerfera ntost materially with the propar observance 
of Ibe object proposed to be secured by their foundation ; and the 
period was therefore, widi His Majest/s sanction, extended to five 
years : in accordanoe witii- this arrangement the Medals continued 
to be awarded until the year 1830, inclusive, when the demise of 
His late Majesty took place, and in wUch yfear I had th^ honour of 
being elected to fill the Chair of ike Royal Society. 

Mr. Chantrey, to Viham,' m conjunction with Sir Thomas Law- 
rence, was intrusted the selection of the snlgect for the Medal, fur- 
nished the cast for the medallion of the head of His late Majesty, 
which, wn to finm tiie xubv^rse- of it» white Sir Thomas undertook 
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to compose the design for the reverse. Unfortunately, that distin- 
guished artist, either from oyer-delicacj or over-anxiety to produce 
a work of art worthy of the object for which it was intended, or 
from that spirit of procrastination which was unhappily too coinmon 
with him, delayed its execution from year to year, and died without 
leaving behind him even a sketch of his ideas respecting it, though 
the character of such a design as would be at once classical and ap- 
propriate to the purpose, was the subject of frequent conversation, 
and even of favourite speculation with him. From these and other 
causes, to which it is not necessary for me now to advert, it arose, 
that, at the demise of His late Majesty, altiiou^h the adjudication of 
ten Medals had been formally made and announced from the Chair 
of the Royal Society, not even the dies, much less the Medals, were 
fiMrthcoming for tiie purpose of distribution to the various distin- 
guished persons, some of them £oreignecs, to whom they had been 
awarded* 

It cannot be necessary for me to impress upon you, Gentlemen, 
that the non-comple^on of an engagement so solemnly entered into 
with the whole republic of men of science, would liave brought dis- 
credit not merely upon the Royal Society, but upon liie personal 
honour of a Monarch of this country, whose name it is our especial 
duty as Fellows of the Royal Society, to hand down unsullied to 
posterity, as our munifictot Patron and benefiictor ; and as no funds 
had been placed at the disposal of our Treasurer, nor in the hands of 
any other ostensiUe person to meet the very heavy expenses which 
must be incurred for cutting the dies and furnishing the Medals 
already awarded, I felt it to be my duty, when I succeeded to this 
Chair, to recommend to the Council the suspension of any farther 
a^ittdgment of ^e Medals until I could have an opportunity of 
ascertaining the nature of the commands which had been issued con- 
cerning them by the late Sovereign tiurou^ his of&dal advisers or 
otherwise^ ajid also of taking the pleasure of His present Majesty 
respecting their confinnance in friture, aaaid the conditions to which 
they should be subject. Hiese inquiries terminated in the most 
aatis&ctory manner. On a proper appfication to ^ose who were 
intmsted' with the tfltimate arrangemeiit of His late Majesty's afBemrs, 
prompt measures, as far as lay in their power, were adopted for the 
immediate fDlfilment of every pledge which it was conceived had 
been given to the Royal Society and to tiie public at large in the 
! of Oedge tiie Fourtib. 
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The dies for the Medals upon the old foundation are now com- 
pleted, and ready for distribution ; they bear upon the one side the 
likeness of His late Majesty, while the reverse represents the celc'- 
brated statue of Sir Isaac Newton, which is placed in the chapel 
of Trinity College, Cambridge, with such emblematical accompa- 
niments as seemed best calculated to indicate the magnificent ob- 
jects of the researches and discoveries of that great philosopher, 
whose peculiar connexion with the Royal Society forms the most 
glorious circumstance in its annals. 

After having settled that part of the business, and apprized the 
King of my success, I then ventured to petition His Majesty for the 
continuance of that protection and munificence which the Royal So- 
ciety had ever experienced from His Illustrious Predecessors. The 
Sovereign, with that just and enlightened zeal for the promotion of 
every object allied with the honour and prosperity of this country, 
which as a loyal subject I acknowledge with gratitude, while as an 
affectionate brother I recognise it with- pride, acceded at once to my 
request, accepted the charge devolved upon hyn by the demise of 
the late King, and ordered, in consequence, that a fresh die should 
be cut, and that his efiigy should form the obverse side of the 
medal. This work also is completed. All the dies have been exe- 
cuted by Mr. Wyon with such boldness of outline, depth, and deli- 
cacy of finish, as do him the highest credit : and I trust that the 
medals will be considered in every way worthy of the exalted rank 
and dignity of the Illustrious Personage in whose name this mark of 
Royal favour is intended to be conferred. 

I am well aware that a diversity of opinion exists respecting the 
advantages which are likely to be conferred upon Science by a fre- 
quent distribution of medals. It is said that they must either con- 
firm or contradict the judgement which has been dther already pro- 
nounced, or which posterity will most certainly hereafter pronounce, 
upon the merits, pretensions, and influence of the discoveries or 
series of investigations which such medals are designed to comme- 
morate: that in the first case they can confer no additional ho- 
nour upon their author, whose rank has already been ascertained 
and fixed by the sentence of a higher tribunal, while, in the second, 
they can only tend to compromise the character of the scientific 
body by whose advice they are conferred. , It is true that I would 
not claim infallibility for the imited judgement of any association, or 
of any body of men, however eminent their scientific rank may be : 



Digitized by 



Google 



but it is the peculiar privilege of the great masters of Science, (and 
more particularly so when acting or speaking as a body,) to be able 
to anticipate, though not without the possibility of error, the de- 
cision of Posterity, and thus to offer to the ardent cultiyator of Sci- 
ence that highest reward of his labours, as an immediate and well 
assured possession, which he might otherwise be allowed silently 
and doubtingly to hope for, but never be permitted to see realized : 
and though some powerful minds might be content to entrust the 
complete developement of their fame to the fulness of time, and might 
pursue their silent labours under the influence of no other motives 
but such as are funnshed by their love of truth, the gratification de- 
rived from the discovery of the beautiful relations of abstract science, 
or from the contemplation of the agency of a Divine Mind in the har- 
monies and constitution of the physical world, yet it is our duty 
and business to deal with men as we find l^em constituted, and to 
stimulate their exertions by presenting to l^eir view honourable di- 
stinctions attainable by honourable means ; to assure them that the 
result of their labours will neither pass unnoticed nor unrewarded ; 
and that there exists a tribunal to which they may appeal, or before 
which they can appear, whose decision is always for honour, and 
never for condemnation. 

It is for these reasons. Gentlemen, that I feel myself justified in 
expressing my opinion that the power possessed by your Council of 
conferring honorary rewards is a most salutary power, provided it 
be exercised boldly, impartially and diligently; and that it may 
greatly promote the taste for scientific purstdts in this country, by 
presenting a more immediate proq>ect than would otherwise ex- 
ist, of a public and distinguished recognition of any valuable dis- 
covery, or of the completion of any important and laborious course 
of investigation. 

I had occasion. Gentlemen, when I had last the honour of address- 
ing you, to remark that there were many circumstances in the con- 
stitution of society in England, and perhaps in the form and work- 
ing of our Government, which were unfavourable to the cultivation 
of Science as a distinct and, as it were, a Professional employment. 
Though many of the causes of this evil, if so it may be considered, 
are too deeply seated to be reached by any legislative enactment, 
and though its existence may be the result of a system, t^e ge- 
neral effects of which are favourable to the interests and happiness 
of society at large, yet I think it is t^e duty of a wise Government 
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to neglect no opportimit7 of promotittg, by libenl encouragement, 
the derelopement of the intellectnal aa well as of the phymoal re- 
Bourcefl of a nation. Without yenturing to giye an opinion from 
thia Chair, vrhich it would ill become me to do, whether the Tarioua 
Adminiatraton of the Government of this country, for moxe than a 
century past, have adequately fulfilled thia duty, by anhnating indivi- 
dualfi to the cultLvation of Science by all the influence at tiieir oom« 
mand, I rejoice and feel proud at finding myself at full liberty to give 
free utterance to the language of my fedinga when speaking of the 
Royal Patron of the Royal Society, who has shown himself in tins 
as in every other capacity, the Fiiend, the Phytectcur, and the Fto* 
moter of whatever ia dignified with the name and character of Sd- 
ence in thia country. The King, Gentlemen, ia the FNmtain of 
Honour; and although Hia Majeaty haa been gxadoualy pkaaed to 
authorize the Piresident and Ooundl of the Royal Society to act as 
his Ofiicial Adviaera, in awarding hia Royal Medala, he will not on 
that account regard them as leaa worthy of being considered aa the 
immediate gifta of hia Royal bounty, and aa the honourable aymbola 
of hia Royal i^probation. 

It will be my first duty. Gentlemen, to diatribute the Ten Rojral 
Medala which have been already adjudged during the life-time of Hu 
late Majeaty, to Fhiloaophera who are amongat the moat illuatrioua 
in tiiia country or in Europe : they fbnn a glorioua commencement 
of a philosophical chivalry, under whoaebannen the greatest amongat 
ua might feel proud to be enrolled; and though it may iqppear pre- 
aumptuoua in me to h<^ that a conatant aucoeaaion of aaaodatea can 
be found, either at home or abroad, who ahaU be considered worthy 
of being ranked with thoee noble Foundera of this Order, yet I am 
confident that the Council of. the Royal Society will feel an honour- 
able pride in maintaining the character of the Body whoee Membera 
are to be constituted by their choice. 

In proceeding now, therefore, to call your attention. Gentlemen, to 
the series of great men to whom those Medals have been awarded, 
I shall not presume to state in detail the eped&c grounda upon which 
the dedaiona of your Council were founded, but confine myself to 
little more than their enumeration in the order of time, feeling that it 
would be unbecoming in me to attempt to aaaignthem those atationa 
which they dther have taken, or are deatined hereafter to take, in 
the temple of fimie. 

The first name upon the liat ia that of Dm. Johk Daltok, a venera- 
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ble PhiloBopher, whose developement of the Atomic Theory and oth^ 
important labouiB and discoYeries in physical science have, at the 
qlerenth hour, (I blush to own that it was not earlier,) first abroad, 
and secondly at home, secured him that public recognition of his sci- 
entific rank to which he has long been entitled. With him, G^- 
tiiemen, posterity may be said to have already commenced, and though 
fall of years and honour, I rejoice to hear that he still retains th^ 
same zeal and vigour in the pursuits of science which have carried 
lum forwards from his earliest youth in his career of discovery, in 
apite of all the discouragements of confined means and of the most 
laborious and depressing employments. It gives me great pleasure 
to learn that His Majesty has lately expressed his Royal approbation 
of his services to science by the grant of a pension, if not commen- 
surate with his services, at least aa considerable as the severity of 
existing regulations will allow ; though I cannot refrain from ex- 
pressing on this occasion my regret at the very najrrow limits within 
which the munificence of the King and the generosity of the Nation 
should be confined. 

The second Medel for the same year was awarded to Ma. Ivoar, 
the first of our mathematicians who transplanted to this country the 
profound analytical science which LaGrange, Laplace, LeOendre, 
Gauss and others upon the continent, had applied to the most im- 
portant and sublime physical inquiries. The dignity of such inves- 
tigations has not suffered by the association of Mr. Ivory's name 
with them, and the Transactions of the Royal Society present fre- 
quent and honourable records of his valuable labours. It is, how- 
ever, a gratifying circumstance to find that Mr. Ivory is no longer a 
solitary cultivator of these sublime sciences; but that an English 
School, of which he may be considered as the Father, is now rising, 
and must continue to rise, whilst it boasts of such masters as our 
Herachels and Airys, our Lubbocks and Hamiltons, and looks for- 
ward to such disciples as they are likely to form. 

The Medal which was awarded to Sib Httuphbt Davt was a tri- 
bute of respect to that great Philosopher towards the conclusion of 
his labours. He had already retured from the Chair of the Royal 
Society, under the admonition of those infirmities which were destined 
too speedily to terminate his valuable life ; and the Council availed 
themselves of the first opportunity of marking their sense of the ho- 
nour which he had confeued upon his country by his brilliant electro- 
chemical and other discoveries, by awarding to him, as a Fellow, 
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that Medal which, from natural feelings of delicacy, they could not 
have offered to their President. 

In the following year a similar tribute of gratitude and respect waa 
paid to Da. Wollaston, who had so long honoured the Royal Society 
by bis services and his scientific contributions* and who, towards 
the close of his life, had augmented its means of usefulness by his 
liberality. 

The fame of these two illustrious men is established upon too firm 
a basis to require or receive additional strength or permanence from 
any honours which we can pay to their memories ; but there are 
some who were connected with them by the tenderest ties of kin- 
dred and affection, who are in part the depositories and inheritors of 
their honours : these may cherish the possession of such monuments^ 
as recording the reverence and respect of their contemporaries and 
feUow-labourers. To their hands, therefore, we commit them, as our 
last public offering to l^eir memories. Illi kaheant aecum, $erventpte 
9epulchro, 

The two other Medals for the corresponding years were awarded 
tx> two distinguished foreign Astronomers. The first, to Pbopessob 
Struvb, of Dorpat, who is so justly celebrated for his numerous and 
valuable observations of double stars, — a department of astronomy 
which is daily acquiring an increase of interest and importance, from 
the new and extensive views which it is beginning to open to us of 
the constitution of the remoter parts of the universe, and of the laws 
which seem to govern some at least of the periodical changes which 
they are undergoing. The second, to PaoFsssoa Encke, of Berlin, 
the greatest of modem astronomical calculators, who first determined 
and predicted the motion of the comet which is justly signalized by 
his name, with an accuracy approaching to that which before be- 
longed to the ephemerides of the planets only ; and who still more has 
subjected the discrepancies between its tabulated and observed places 
to so accurate an analysis as to make them the foundation of tiie most 
novel and unexpected speculations respecting the existence of a re- 
sisting medium, which is capable of sensibly affecting the motions of 
those extraordinary bodies which obey the laws of gravity, at the same 
time that they seem to present few or none of those characters with 
which our notions of matter and substance are commonly associated. 

The Medals for the years 1829 and 1830 were adjudged to Sib 
Chables Bell, to Profbssor Mitscheblich of Berlin, to Sia DAVin 
Bbbwstbb, and to M. Balarb of Montpellier. 
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To the first, for his elaborate experiments and discoveries relating 
to the nervous system, which place him in the highest rank of the 
physiologists and anatomists, not merely of this country, but of 
Europe. 

To the second, for his theory of isomorphism, one of those great 
generalizations in the sciences of chemistry and crystaUography 
which are reserved for men of large and extensive views, and which 
may be considered as constituting a great epoch in their history. 

To the third, for his discoveries relating to the polarization of 
light, the most important laws of which he determined ; forming one 
of those great series of experimental investigatiDns relating to the 
properties of light and the optical properties of crystals which are 
unrivalled, since the time of Newton, for their variety, their delicacy, 
and perhaps also for their theoretical importance. 

To the last, for a singularly successful and well developed example 
of chemical analysis, which terminated in the discovery of a new, and 
hitherto undecompounded body. Bromine. 

I now come to the consideration of the Medals upon the Founda- 
tion of His present Majesty ; and it is the King's pleasure that the 
President and Ck>uncil of the Royal Society should be considered as 
his official advisers, in the award of an honour which emanates imme- 
diately from himself. His Majesty has also been graciously pleased 
to prescribe the general Rules and Principles which shall regulate 
their distribution hereafter. The King has therefore commanded 
that they shall be adjudged annually, and that the award shall be 
announced on the day of the Anniversary Meeting of the Royal 
Society; that the Memoirs which shall be entitled to receive them, 
whether composed by Foreigners or by Englishmen, shall be com- 
municated to the Royal Society; and that the general subject matter 
of such Memoirs shall be prescribed and announced by the Council 
at least three years preceding the day of their award : and also, that 
for the present and the two following years, the principle of their 
distribution shall be the same as that which has hitherto been adopted, 
with the additional condition, that the succession of branches of sci- 
ence which shall be selected as entitled to these rewards, shall be the 
same as that which shall be hereafter followed when the cycle of 
their regular distribution begins. 

The selection of the subjects which should compose tiiis cycle was 
left to the Council of the Royal Society, who have made such a 
choice as seemed to them best calculated to comprehend every de- 
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paitment of scieace and to prerent the jealousies which might arise 
from the recurrence of nmilar subjects in immediate or too dose 
succession : the subjects themselves and their periodical order (de- 
termined by lot) are as follow : — 

1. Astronomy. 

2. Physiology, including the Natural History of Organized Beings. 

3. Geology and Mineralogy. 

4. Physics. 

5. Mathematics. 

6. Chemistry. 

In conformity with these Regulations, which form the existing 
law for the distribution of the Royal Medals, they have been awarded 
for the burrent year to Pbofessob de Candolle, of Geneva, for his 
numerous and valuable researches and investigations in Vegetable 
Physiology, as detailed in his Work, entitled " Physiologic V6g6tale," 
published in the year 1832; and to Sib John Fbbdebick William 
Hebschel, for his Paper "On the Investigation of the Orbits of Re- 
volving Double Stars," inserted ui the Fifth Volume of the Memoirs 
of the Royal Astronomical Society. 

The science of Vegetable Physiology has at all times presented 
extraordinary difficulties, and although it has employed the talents 
and the industry of a great number of philosophers, from the earliest 
period, little progress has been made in obtaining an exact knowledge 
of the minute organization of plants, and of the mode in which their 
functions are exercised, at least, when compared with the great ad- 
vance which has taken place in the analogous sciences which relate 
to the comparative anatomy and physiology of animals. 

The structure of vegetables, in consequence of its minuteness and 
intricacy, is involved in the greatest obscurity ; its investigation re- 
quires the application of powerful microscopes, and is liable to all the 
ftdlacies peculiarly incident to such observations : and the greater 
part of vegetable physiology being dependent on the full and accurate 
knowledge of that organization, is exposed to the same causes of un- 
certainty. But the progress of this department of science has suf- 
fered less from the want of accurate and sufficiently multiplied ob- 
servations, than from the absence of a well-compacted and consist- 
ent theory to connect them together; and it was chiefly with a view 
to supply this great deficiency that the admirable work of Professor 
de Candolle was written, which has been selected by the Council as 
justly entitled to one of the Royal Medals. There is^ in fact, no 
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brftnch oi botanical science which has not been greatly benefited 
by his valnable labours : his Thdorie tUmentaire de la Botatnque and 
his Organography V^gitale have made most important additions to our 
knowledge of descriptive botany, whilst in his Physiologie V4g4ta}e, 
by a most careful analysis and examination of the influence both of 
external and internal physical agents upon the organs of plants in 
the great functions of their nutrition and reproduction, by tracing 
them throughout the whole course of their operations, and by con- 
necting their results with the well-known and well-established de- 
ductions of chemistry and other sciences, he has shown that he is 
also entitled to clium the rank and distinction of an inductive phi- 
losopher of a very high order. 

The mention of the name of the second of these distinguished Phi- 
losophers to whom the Royal Medals for the present year have been 
adjudged, recalls my attention to the circumstances under which he 
has recently quitted his home and his country to pursue his labours 
in another hemisphere. He has devoted himself, as you well know, 
for many years at least, as much from filial piety as firom inclination, 
to the examination of those remote regions of the universe into which 
his illustrious &ther first penetrated, and which he has transmitted to 
his son as an hereditary possession, with which the name of Hersdiel 
must be associated for all ages. He has subjected the whole sphere 
of the Heavens within his observation to a repeated and systematic 
scrutiny. He has determined the position, and described the charac- 
ter of the most remarkable of the nebulae. He has observed and 
registered many thousand distances and angles of position of double 
stars ; and has shown, from the comparison of his own with other 
observations, that many of them form systems whose variations of po- 
sition are subject to invariable laws. He has succeeded, by a happy 
combination of graphical conslnruction with numerical calculations, 
in determining the relative elements of the orbits which some of them 
describe round each other, and in forming tables of their motions ; and 
he has thus demonstrated that the laws of gravitation, which are ex- 
hibited as it were in miniature in our own planetay system, prevail 
also in the most distant regions of space : a memorable conclusion, 
justly entitled, by the generality of its character, to be considered as 
forming an epoch in the history of astronomy, and presenting one of 
the most magnificent examples of the simplicity and universality of 
those fundamental laws of nature by which dieir Great Author has 
shown that He is the same to-day and for ever, here and everywheve. 
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A discovery like this, which we are this day called upon to com^ 
memorate. forms a noble, but I trust only temporary termination 
to Sir John Herschel's European labours. He has long contem- 
plated a voyage to the Gape of Good Hope» as a fieivourable station 
for observing the constellations of the Southern Hemisphere, and 
the magnificent nebulae which it contains ; and when we consider 
the space-penetrating power of his instruments, such as has never 
yet been brought to bear upon them ; his skill and long experience 
and systematic diligence as an observer; his perfect funiliarity with 
the class of phenomena which are to be observed; his sagacity in 
interpreting and disentangling the most complicated appearances ; 
and his profound knowledge of physical as well as practical astro- 
nomy, we may look forward to a harvest of discoveries, such as will 
not only extend the existing boundaries of science, but add to the 
lustre of a name which is known and reverenced in every region to 
which European civilization has reached. 

It has been said that distance of place confers the same privileges 
as distance of time, and I should gladly avail mjrself of the privilege 
which is thus afforded me by Sir John Herschel's separation from 
his country and friends, to express my admiration of his character, 
in stronger terms than I should otherwise venture to use ; for the 
language of panegyric, however sincerely it may flow from the heart, 
might be mistaken for that of flattery, if it could not thus claim 
somewhat of an historical character : but his great attainments in 
almost every department of human knowledge, his fine powers as 
a philosophical writer, his great services and his distinguished de« 
votion to science, the high principles which have regulated his con- 
duct in every relation of life, and, above all, his engaging modesty, 
which is the crown of all his othervirtues, presenting such a model 
of an accomplished philospher, as can rarely be found beyond the 
regions of fiction, demand abler pens than mine to describe them in 
adequate terms, however much inclined I might feel to undertake 
the task. That he may live to accomplish all the objects which have 
induced him to transport himself to another continent, and that he 
poay long survive his return to witness the respect, reverence and 
gratitude of his countrymen, is my earnest prayer, in which I am 
quite sure that you, Gkntiemen, will cordially join. 

It now becomes my painful duty to call your attention to the names 
ct those Eellows and Foreign Members whom the Royal Society has 
lost during the last year. 
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Sib Johk Malcolm was bom in the year 1769, a year remarkably 
fertile in the production of great men *. He was one of a family of 
seventeen children, which enjoyed the singular distinction of having 
three of its members created Knights of the Bath in the same year. 
At the early age of thirteen he was sent to India as a Cadet, and 
learnt his first lessons of military service in the celebrated wars of 
the Mysore ; and during an almost uninterrupted residence of nearly 
forty years, he was employed both in civil and military duties, fre- 
quently of great importance and difficulty, in almost every part of 
Central India ; and it was chiefly owing to the opportunities afibrded 
by this long intercourse with the natives of all classes and nations, 
aided by the system of carefully recording his observations of their 
manners and customs, and by his perfect knowledge of their lan- 
guages, that he was enabled to acquire the most intimate acquaint- 
ance with their habits, their feelings and their prejudices, at tiie 
same time that he secured, in a very uncommon degree, their confi* 
dence and respect by his strict impartiality, and by his considerate 
attention to their wants and their interests. 

He was twice sent as Ambassador to Perua, where he con- 
ducted negotiations of great delicacy and difficulty in such a man- 
ner as to maintain the honour, at the same time that he secured 
the interests of the Government which he represented: he was, 
in fitct, eminently qualified for the discharge of such a duty by his 
profound knowledge of the Pendan language and literature, and by 
the conformity of his own manners with those of that lively and 
polished nation. Nor were the fruits of his mission political merely, 
inasmuch as they led to the production of his History of Persia, 
a work of great research and of standard value ; to hiiB Perskm 
Sketches, so remarkable for their wit and vivacity, and, I believe, 
likewise for the truth of the pictures of manners which they furnish; 
and also to a volume of Poems, which display no inconsiderable 
powers of versification. 

Sir John Malcolm was a voluminous writer, and amongst other 
works may be particularly mentioned his Political History of the 
Government of India, from the year 1784 to the Present Time; his 
very interesting Sketch of the Sihks, and his History of Central Jn» 
dia. In all his writings he has shown himself to be the friend of the 
native population, and the zealous advocate of a system of govern- 
ment such as would reconcile the interests of the governed with 

* Napoleon, Wellington^ CuTier, &c. 
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tliose of the govemon : and thott3;h he has very clearly demon- 
atrated that our Indian Empire must be progi^easive in order to be 
permanent* and that external attacks upon it must not only be re- 
pelled, but the means of renewing them either greatly weakened or 
altogether removed, yet he stigmatizes with just reprobation the 
commencement or continuance of wars of conquest merely, which 
are not rendered recessary by previous and adequate provocation. 
Upon all such subjects Sir John Malcolm was eminently entitled to 
pronounce an authoritative opinion, firom his great experience, both 
military and civil, and from his almost unequalled knowledge of the 
political interests and relations of all the various nations who com- 
pose or jorder upon our Indian Empire. 

Sir John Malcolm returned to England in 1822 : in 1827 he was 
appointed Governor of Bombay and Central India. He retained this 
important situ&tion for three years, when he was recalled for the 
purpose of taking part in the discussions "which were likely to arise 
upon the renewal of the East India Company's Charter. He waa 
fthoi tly after his return elected Member of Parliament for Launceston ; 
but the' questions which almost entirely absorbed the attention of 
PavUament and of the public at that period were not calculated for 
the fieivourable display of his peci^liar powers. His last public ad* 
dress was made at a meeting in London in honour of his illustrious 
countryman Sir Walter Scott, of whose genius and vmtings he was 
an enthusiastic admirer : on the following day he was attacked by 
paralysis, from which he never recovered ; and he died at his house 
in London on the 3 1st day of May last. 

Sir John Malcolm was tall and commanding in his person ; his 
manners were remarkably free and unconstrained, and his conver- 
sation rapid and animated ; and notwithstanding his long and inti- 
mate intercourse and association with Oriental people and Oriental 
languages and with scenes of life altogether different from those in 
which his earlier boyhood had been passed, yet he continued to speak 
with the accent of his countrymen, and to remember their national 
traditions with all the vividness and to recite their national poetry 
with all the enthusiasm, which characterize our earliest and deepest 
impressions. As a father, a husband and a brother he was emi- 
nently kind and affectionate ; and few persons have been more gene* 
rally beloved by their friends for their social virtues, or more re* 
spected and revered for their great talents and attainments and for 
liieir eminent public services. 
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I obficarre irith pleasure that a monument, from the chisel of Mr. 
Chantrey, is to be erected to his memory in Westminster Abbey» for 
"vhich ample fimds have been provided by the almost spontaneous 
ccmtribtttions of his friends ; and it is worthy of remark that amongst 
the subscacibers is to be found the name of an Eastern Potentate, the 
Pacha of Bgypt, the founder of a great empire, and stiU more dis- 
tinguished for his triumphs over Eastern prejudices, who became 
acquainted with Sir John Malcohn upon his return from Bombay, 
and who has most gladly availed himself of this opportunity of ex- 
pressing his respect for the memory of his friend. 

Mb. Wiluax Moboak was the author of several papers in our 
Transactions, chiefly upon the subject of the value of reversions 
contingent upon different cases of survivorship. For two of these 
papers, printed in 1788 and 1789, he received the Copley Medal. 
He was on^ of the first authors who rejected altogether the hy. 
pothesis of the equal decrements of 1% which had been introduced 
by De Moivre, partly from the want of correct tables, and partly for 
1^ purpose of simplifying the formulae employed in the calculation 
of contingent reversions ; and he showed in what manner such ques- 
tions could be practically solved with reference to the real proba- 
bilities of lifo. Mr. Morgan was the nephew of the celebrated Dx. 
Price, whose memoirs he has written, and some of whose works he 
has edited; and he partook largely, at one period at least, of some 
of tiie political and fuiancial opinions of that ardent character, par- 
ticularly relating to the dangers of a national bankruptcy from the 
n^id increase of our National Debt. He was appointed early in 
life, chiefly by his uncle's influence and recommendation, to the situ- 
situation of Actuary of the Equitable Assurance Ck>mpany» which he 
continued to hold for nearly sixty years ; and the unexampled wealth 
and prosperity of that great establishment may be in a great degree 
attributed to the confidence inspired by the correct principles of cal- 
culation and of management which he introduced : and though he 
was ejqposed towards the dose of life to many attacks and much 
oppodtion, in consequence of his too rigid adherence to a system 
which might be calculated to do injustice to some classes of insurers* 
yet no small indulgence is due even to the prejudices of a man who 
had done so much service to society, by establishing upon a firm 
basis the security of establishments which act as safeguards against 
the flnctuations and vicissitudes of life, and which thus encourage 
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habits of providence and of foresight amongst the higher and middle 
classes of the community. 

Mr. Thomas Allan^ an eminent citizen of Edinburgh, was the 
author of a work on Mineralogical Nomenclature, and of several pa- 
pers on geology and mineralogy in the Transactions of the Royal 
Society of Edinbui^h, and elsewhere. He was greatly distinguished 
for his accurate knowledge of mineral species and dieir varieties, 
and of all the delicate and minute distinctions of external characters- 
by which they are separated from each other ; and his collection of 
minerals has been justiy celebrated for its great extent and perfect 
arrangement. In the year 1812 he joined Sir George Steuart Mac- 
kenzie in an Excursion to the Faroe Islands, where he greatly enriched 
his collection, particularly in zeolites. This expedition was under- 
taken for the purpose of ascertaining whether, in a Trap Country, 
where no traces of egtemal volcanoes existed, any thing similar to 
the peculiar features of the rocks of Iceland was to be found : and 
his Account of the Mineralogy of these Islands, in which his object 
has been to describe, without relation to theory, whatever appeared 
to him interesting in a geological point of view, was read before* 
the Royal Society of Edinburgh in the beginning of the following 
year, and printed in the seventh volume of their Transactions. He 
adopted in early life the opinions of Dr. Hutton, though his papers 
on some points in geology in the neighbourhood of Edinburgh, and 
in the environs of Nice, show him to have been an accurate and 
an unprejudiced observer. He was a person of active habits and 
character, a liberal supporter of public charities and useful institu- 
tions, and an ardent and even enthusiastic friend of all the schemes 
for the improvement and decoration of his own magnificent and pic- 
turesque metropolis. 

Dr. WiLLiAK Babinotok was a distinguished physician in the City 
of London. He was formerly a lecturer on materia medica and on 
chemistry at Guy's Hospital, and he was the author of a Systematic 
Arrangement of Minerals, founded upon a joint consideration of their 
chemical, physical and external characters ; and also of other works, 
of less importance, upon mineralogical arrangement. He was the 
active and disinterested friend of science and of men of science, from 
the time of Priestiey to that of Sir Humphry Davy ; and though the 
absorbing duties of a laborious profession prevented his taking a 
leading part in original inquiries, he was well acquainted with the 
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existing state of knowledge, particularly in geology, physiology and 
chemistry. He was one of the first founders of the Geological So- 
ciety ; and the earliest meetings of that distinguished hody, which 
has contributed so powerfully to the advancement of geological know- 
ledge, were held at his house. He was a person of great simplicity 
of manners, a warm and active friend, zealous in the promotion of 
objects of charity and usefulness, and in the practice of his profession 
singularly kind to the poor. 

The death of Lord Doybb in the course of this year excited an 
unusual degree of public sympathy and sorrow, from his youth and 
high birth, his domestic virtues, and perhaps also his domestic hap- 
piness, his unsullied public character, his cultivated taste for the 
arts, and his liberal and enlightened patronage of artists, and most 
of all from the promise of the highest literary distinction afforded by 
his very interesting historical memoirs and other literary productions. 
Such qualities and attainments, whilst they give dignity to all who 
possess them, acquire a peculiar grace and lustre when found in 
those classes of society in which the possession of rank and wealth 
separate altogether the pursuit of knowledge and of feime from all 
taint of a suspected union with the desire of mere personal aggran- 
dizement. 

Thb Rbv. Bbwick Bbiooe, Fellow of St. Peter's College, Cam- 
bridge, obtained the highest mathematical honours in his own acade- 
mical year. He was for many years Mathematical Professor in the East 
India College at Haileybury, and was the author of several elemen- 
tary works on different parts of mathematics, which are remarkable 
for their judicious adaptation to the capacities of ordinary students, 
by the union of simplicity and fulness in the developement of first 
principles, — a species of merit which those only can duly estimate 
whose experience in education has shown it to be very rarely at- 
tained. Mr. Bridge was a person of great benevolence, who devoted 
his life and fortune to the promotion of objects of charity and pub- 
lic utility, and whose purity of character and kindness of heart se- 
cured him the affectionate attachment of a large circle of friends. 

Captain Lton became first known to the public from his having 
accompanied the late Mr. Ritchie in his journey into the interior of 
Africa. His companion died at Moorzouk, and after encountering 
the ordinary succession of sufferings and dangers which characterize 
the melancholy records of African discovery, he succeeded in effect- 
ing his return^ and published a very modest and interesting journal 
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of hia traveb. He afterwards accompanied Captain Parry in the 
second voyage to the Arctic Regions, as commander of one of the 
two ships which composed tiiat expedition. After his retmn he was 
chosen, from a kzMwledge of his enterprising and energetic charac* 
ter, to conduct a party of English mineta to Zacatecas and BcdaiSoa 
in Melico, and to undertake the management of the first of tiiese 
mining establishments : and though he continued there for a short 
time only, being compelled by domestic circumstances to return to 
England, his services were of such a kind as to produce the most 
important results. His Mexican adventures fonn a narrative full of 
interesting, amusing and instractive details* He was afterward s 
chosen by the Biazilian Company to superihtend die celebrated gold 
mines at Gh>]%o Soco, in the province of Minas Gkraes, which under 
his management became so productive, as fully to vindicate and re* 
deem the diaracter of South American minii^ speculations. Upon 
quitting their service he engaged in mining adventures of his own ; 
and it was in returning to England, in consequence of an accidental 
injury which he received in the course of his operations, that he 
died at sea, in the thirty-seventh year of his age. 

Mb. Joshda Bbookxs was for more tiian forty years a distinguished 
teacher of anatomy, and it is said that during the course of his life 
he had superintended the anatomical education of more tiian seven 
thousand pupils. He had formed a Museum of human and com* 
parative anatomy, which was second only in extent and value to tiie 
Hunterian Collection, and to which he gave the most ready and libe- 
ral access both to his pupib and to the public. To the completion of 
tills museum, and to the instruction of his pupils, he devoted the 
whole of his time and of his income ; and it was a melancholy cir- 
cumstance tiiat he should have been compelled towards the dose of 
his life, when lus health, and witii it his sources of income were de- 
clining, from the pressure of pecuniary difficulties, to consent to the 
sale of Ids museum. The diversion of tiiis collection was to him 
a source of the most poignant distress ; and the latter years of a 
long life which had been devoted with singular disinterestedness to 
the public service, were imbittered at once by the pressure of po- 
' verty and the despondency occasioned by the annihilation of those 
hopes of having raised a lasting monument to his fisune, which bad 
formed the great object of his ambition. 

LixuTBKAKT-CoLONBL JoBK Baillib wcut to India as a Cadet in 
1791, and from tile commencement of his residence he devoted himself 
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with great diligenee to tiie study of the Oriental languages. Upon 
the «BtnbIifihinent of tiie College of Fort William, in 1800, he was 
appointed Professor of the Arabic and Persian languages, and of the 
Muhanunedan law, a situation which he continued to fill with great 
credit and distinction for several years. He was the author of 
Tables ehtdiatofy ^ a Caurie i^f Lectwrts wn Aralne Grammar, 
of A CoUectum cf the original Texts of the five m€st celebrated 
€hrammar8 of the Arabic Language, and of A Translation from the 
Arabic of a Digest of the Muhammedan Law, of which one yolume 
only out of four was puUished. His Oriental stucties appear to haye 
terminated upon his appomtment as Resident at Lucnow, where he 
oontinued for several years. He quitted India in 18 IS, and in 1823 
he was appointed a Director of tike Bast India Company. Colonel 
Biullie was one of the founders and most active supporters of the 
9oyal Asiatic Society ; and he represented his native town, Inver- 
ness, and ita contributory burghs, in two successive Fariiaments. 
His ooUection of Fenian, Arabic, and other Oriental Manuscripts is 
said to have been one of Ite most extensive and valuable Ihat was 
ever brought to this country. 

Mb. Joseph Whidbst was for nearly fifty years a Master in the 
Navy, and had been one of the companions of Vancouver in his voy* 
age round the worid. He was a person of great practical know- 
ledge and ddU, and possessed of more4han ordinary general attain* 
meats ; and he was in consequence selected by the Oovemment to 
superintend, under the direction of the late Mr. Rennie, the exe* 
eution of diat great national woric, the Breakwater at Flymouthr 
He WUB the author of Hxree papers in our Transactions : one on the 
means adopted for raising the Dutch frigate Ambuscade, which had 
been sunk at the Nore ; and the other two on certain fossil bones 
discovered in the limestone quanies at Oreston, near Fl3rmou1h. 

Adbibk Mabib LbObiibbb, one ci our Foreign Members, and one 
of the most illustrious analysts in Europe, was bom in Faris in 1752, 
and died on the 10th of January last» in the eighty-first year of his 
age. After the completion of lus studies at the CoU^ Mazaiin, he 
devoted himself to maitbematical and scientific pursuits, which he 
continued, with singukr perseverance and industry, for tiie remainder 
of his life. At the age of thirty he gained the two prizes proposed 
by the Academies of Berlin and Faris ; the'one for a memoir on the 
motion of projectiles in a resisting medium, and the other for a me- 
moir on the attraction of spheroids upon any external point what- 
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ever. It was this second memoir wbich gained him, in tlie follow* 
ing year, a place in the Academy, as the successor of D'Alembert, 
and which attracted in a peculiar degree the attention of mathema* 
ticians. The problem which it treated was one of the greatest im- 
portance and dijfficulty, particular cases only of which had been suc- 
cessfully treated by Newton. MacLaurin and Glairaut, but which he 
attacked in all its generality, and mastered its difficulties " sword 
in hand/' to use the expressive language of Lagrange, when speak- 
ing of this admirable memoir. An important proposition discovered 
by Laplace led to a second, and a happy substitution, proposed and 
applied by Mr. Ivory, to a third resumption of this problem, which 
has finally terminated in such an organised system of approaching 
its difficulties, that it has lately been reduced to the order of those 
propositions which are included in the higher class of elementary 
books*. 

It was in the course of his researches upon the attraction of 
spheroids that his attention was first drawn to the subject of elliptic 
integrals, concerning which his first memoir was published in 17 86. 
He continued to piirsue this most interesting and difficult branch of 
analysis in a succession of works, for a period of nearly forty years, 
and had finally collected his entire labours upon it in two volumes 
quarto, which he published in 1827, forming a vast treasure of ana« 
lytical knowledge. He had hitherto laboured in this field without a 
colleague and without a rival, when two young analysts of singular 
genius and boldness, M. Abel, of Christiania in Norway, and M. Ja- 
cobi, of Konigsberg, announced, almost simultaneously, the discovery 
of propositions which have led to an immense extension of this the* 
ory. LeGendre, with a nobleness of character which can only result 
firom the most disinterested love of truth, was the first to welcome 
the appearance of these illustrious strangers upon his own territories, 
to make known the fiill importance of their discoveries, and to de- 
velope all their consequences ; and although already arrived at an 
extreme old age, he commenced and finished, with all the vigour and 
activity of youth, a third volume, expressly devoted to the discussion 
and classification of these ultra-elliptic functions, and to point out 
their analogy with, and relation to other classes of transcendents 
which he had himself already considered, or to which they would 
naturally lead. 

' * PoiMon, (Traiti de Micamque, second edition,} who has obtained an exprei- 
sion for the attraction under a finite form. 
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M. LeOendre was the author of a justly celebrated treatise or essay 
on the Theory of Numbers, which first reduced the numerous and 
disconnected discoveries of Fermat, Euler and Lagrange to syste- 
matic order. He was the proper author, amongst many other dis* 
coveries, of the km of reciprocity between any two prime numbers, 
one of the most fertile and important in this theory, though its com- 
plete establishment was reserved for Ghtuss, whose work on this sub- 
ject has gained him so just a reputation. Notwithstanding, however, 
the labours of these great men, this most important department of 
analysts still continues to be too much insulated, both in its form 
and its treatment, from the other branches of algebra, though much 
has been done to reimite them by the very valuable and original re- 
searches of that distinguished analyst M. Libri, of Florence, who has 
been recently naturalized in France, and who has succeeded M. Le 
Oendre in his place in the Institute. 

The work of M. LeGendre, on Geometry, has enjoyed a singular 
reputation, and has been most extensively used, particularly on the 
continent of Europe, in the business of education. It may be 
doubted, however, whether this work has altogether merited the high 
character which it has obtuned : it has rather increased than cleared 
away the difficulties of the theory of parallels, which have so long 
embarrassed the admirers of ancient geometry and of the Elements 
of Euclid; and it has not succeeded, at least in any essential degree, 
in adding to the simplicity of the demonstrations, or to the dear and 
logical connexion and succession of the propositions of that unrivalled 
and unique elementary work, which has alone maintained its place 
amongst all civilized nations for more than two thousand years. It 
is proper, however, to observe that the notes appended to this work 
are fiill of valuable and original remarks, and are justly celebrated 
for the elegance of the demonstrations which they furnish of many 
important propositions. 

M. LeGkndre was the author of many otiier works and memoirs, 
containing many valuable series of investigations, and very important 
discoveries. He first attacked the great problem of the determination 
of the orbits of comets by general methods, which diqilay all the re- 
sources of his analysis ; though astronomers have not found it expe- 
dient to make use of his methods in the actual calculation of their 
elements, which is the only proper test of their practical value, though 
it may not be decisive of their theoretical perfection. He was the 
author of the method of the leaet squares of the errore, for the pur- 
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poie of determimiig the most probtble mean anoagst tbe resnlts of 
a great number of obeemitioii«, of which eneh extenuTe use 10 now 
nuule in piactieal astronomy : a odebnted and moat nsefiil theorem 
in geodesy goes by his name; and there are few departments of ana* 
lysis or of dynamics which have not been benefited by his kbona. 

M. LeOoidre was assoeiated with MMiain and Caasini in tlw 
operations which were instituted in 1787, and finished in 1790, for 
the junction of the meridians of Paris and London. He was one of 
the three Members of the Goondl nominated lor tilie poxpose of 
introducing the new metrical system into Fianoe ia 179S« and ha 
constructed lim fermulA employed for the ealcidation of the taUes figr 
the centesimal division of the quadrant. He was nominated, both 
during the Imperial and subsequent Government, to various pubb 
employments, chiefly, however, of an honorary nature, reipiiring no 
great sacrifice of time or attentioB»«-HL fortunate oirenmstence, when 
it is considered to what in^ortuit labonis the leisnfe of his hmg life 
appears to have been devoted. 

The next name which I fsel called upon to notioe is that of Fbav*» 
CISCO ns BoaiA Oab^Io Stoouub, BABeir »▲ Vuaa da Peaia, a 
Iieutenant*General in tilie Pottnguese army, and f iirmeily Seonetary 
of the Academy of Sciences of Lisbon: he was the author of several 
Pfeqpens in the Transaedons of the Lisbon Academy, chiefly on subjects 
connected with the devebpement of functions, and also of a volume 
ofPoems. In 1795 he published his JbTtffibcfe^JURitrM, and in 1834 
loB Methodo imoerto do» LimUei. In this latter work» written late in 
life, he adopted the opinions of the well-known Hoene de Wronsld, 
which led to ite rejection by the Academy of Lisbon, upon the report 
of two Academicians, when it was oflFered to them fer poblieation. 
His works are not of akind to exorcise much influenceupon the pro- 
gress of sdenoe, and some of Ihem axe examples of the danger ef deal- 
ing with formulae of such great generality that their proper impart and 
derivation are not very dearly understood by Ihose who use Ihem. 

Of the five Foreign Members whose names appear in the lists of 
the additions which tibe Royal Society has received during the last 
year, it is with deep regret that I observe Aose of two of them also 
in the recetd of its losses: the first is that of Professor Meckel of 
Halle, the second that of M. Desfontsinea of Pkris. 

Da. John Fudsbigk Mbckbl, ProfesBor of Anatomy in the Univer- 
sity of Halle, was the third member of a femily singularly iUustrious 
in the annals of physiologioal and anatomical science. His grand- 
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hJQwr, at the beginning of the last oentury^ wn probably the great- 
eat anatomist of hia age> and was the founder of that collection whieh 
has become, by the additions of his son and of his grandson^ the 
richest and the best arranged in Oennany. His father was likewise 
an eminent anatomist, and greatly distinguished for his success in the 
practioe of physic and of surgery, and for his general attainments. 
It was for the purpose of enrbhing the great collection which he in- 
herited, and of completing those departments of it in which it was 
deficient, diat young Meckel first directed his whole attention to 
comparattvB anatomy ; but the resnlta of his labours were not con- 
fined to his museum : he pubUshed a German tranalatiQn of the 
Anatomie GcHnpar^ of Curier, which was enriched with many yalu- 
aUe notes* This was followed by his Cdntribudons to Comparatiye 
Anatomy; by his System der vergUiekendgn AMOttmie, which he 
did not lire to complete ; his Tabuke. Anatameo-pathokgicm; his 
HwMmch der paikoloffieehem AmUomie ; his work On Human 
Monsters, and sereral memoirs relating to this branch of medica) 
science, which display a temaricable union of laborious research 
wHAl the moat profound and original viewa relating to the pheno* 
mena of animal life. He deroted a great portion of his time to the 
publication of ihi^ Archiv fUr Awatmtde imd Phyeiologiet <me of the 
moat Tsluable and instructiTe periodical pubUcationa on medical 
and physiological science which appeared in Germany. One of his 
list woiks, on the Lymphatic System, which is upon a magnificent 
scale^ was dedicated to Hie celebrated S&nmerring, upon the comple* 
tton of his fifties year from the period of his inauguration as Doctor 
in Medicine, as a tribute of respect to one who had been his own 
preceptor, die feUow-student of his &ther, tiie follower and pupil of 
his grandfather, the intimate hiend of his family for tiiree genera* 
tiooB, and who was also one of tiie few of his liring riyab in the 
sciences wtdeh. he cultivated. 

Meckel was only fiffcy years old at tiie time of his death: he united 
in a very remarkable degree the power of correct and philosophical 
generalization with the most profound and accurate knowledge of 
anatomical details ; and tiiough he may have left in his own country 
acme who may equal or even surpass him in particnlar dqnrtments 
of human and comparative anactomy or physiology, there is no one 
of his countrymen, if, perhaps, Tledemann be excepted, who can be 
oonsidered as having made such important additiona to our general 
views in those sciences. 
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Rbkb' Louichb Dbbfontainxb, Professor of Botany at tiie Judui 
du Roi, and one of the most distangnished botanists in Emope, was 
bom at Tremblay in 1752. In the coarse of the years 1782 and 
1 783 he travelled, for the purpose of forming botanical collections, to 
the North of Africa, penetrating as Car as the range of Mount Atlas ; 
aad loB Flora AtlmUica, which was published in 1798, a splendid and 
richly decorated work, contains the principal results of his labours. 
It was in the same year that his celebrated memoir on the Oigani- 
zation of Monocotyledonous Plants was read to Hie Institute, in 
which he demonstrated tiie difierent manners in which the ligneous 
fibres are developed in plants with simple and doubte cotyledons, 
and thus laid the foundation of two great and fundamental divi- 
sions in the vegetable kingdom *. He was the author of the TabUau 
de VEcoU de Botamque du Muiitm i'Histoire NatureUe, of the HU^ 
toire des Arbrei et Arhrisseamx qui pewent Stre cmUwh em piewe 
terre 8ur le Soldela France, of a Manuel de Crietallogng^hie, accord* 
ing to the system of Rom^ de I'lsle, of many elaborate articles in the 
Dictionnaire des Sciences Naturelles, and other similar publicationa ; 
and of a great number of Memoirs, chiefly in the Annales du Museum 
d'Histoire Naturelle, which were for the most part descriptive of 
new genera and species of plants cultivated in the Jardin du Roi, 
the management of which had devolved upon him conjointly with 
MM. de Jussieu and llioain. 

M. Desfontaines was a person of mild and inoffen&ve manners, 
and perfectly free from those feelings of jealousy which tend to pro- 
voke either opposition or controversy. For a connderable period be- 
fore his death he laboured under the affliction of total blindness, 
and was thus debarred from the continuation of those purauitB which 
had constituted at once the delight and the business of his life : and 
it was a fortunate circumstance that a visitation of Providence, 
which under ordinary circumstances would have produced a spirit 
of repining and discontent, was deprived of more than half its bit- 
terness and severity by the spirit of contentment and resignation 
with which it was met. 

At the conclusion oflny Address to you. Gentlemen, last year, I felt 
called upon, at once by my subject and my feelings, to pass from the 
notice of the certain losses which the Society had sustained during 

* Traces of Uuf diidnction in the ttnictiire of Monoootyledenoiis and Diooty* 
ledonooB pluiti may- be found in the writings of Oraw, Malpigfai, and Daubenton, 
though its full derelopcinent was leaerred for M. Detfiwtaiaai. 
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the preceding year, to one which circumstances at that time rendered 
too probable. The long absence of Captain Ross and his companions, 
the perilous enterprise upon which they were engaged, the fearful 
alternative of shipwreck or fiimine which seemed their almost ine- 
▼itEible &te, had left few elements for hope, except in those who 
steadily trust in the unlimited resources of Providence to accomplish 
its ends, however remote and wonderful. I rejoice at the unlooked- 
for accomplishment of that hope, and I know that you. Gentlemen, 
one and all will equally participate with me in these feelings. 
Captain Ross and his brave companions were "lost, and are found ;" 
and I trust that the enthusiastic welcome which has met them upon 
their return will convince them that the heart of their country is that 
of a parent. 

I foibear. Gentlemen, to mix up other topics with the expression 
of those feelings to which this happy event naturally gives rise, and 
however important may be the contributions to geography or to sci- 
ence which tiiese perilous and painful adventures may have pro- 
ceed, I consider them, in the present condition of my feelings, but 
as dust in the balance, when compared with the knowledge of the 
important fact of the recovery of our long lost brethren. 

Permit me then. Gentlemen, in your name as well as in my own, 
to offer to Captain Ross, whom I rejoice to see amongst us, our most 
cordial congratulations upon his happy return, and to express our 
hope that the ssnaipathy and respect of his countrymen which he has 
already experienced, and which, I trust, he will retain for the re- 
mainder of his days, will form one of the best compensations for the 
long sufferings which he has endured, and for the incomplete suc- 
cess of an enterprise presenting difficulties from the certain operation 
of the laws of the physical world, which not merely baffle, but al- 
most annihilate, the powers of the bravest, the strongest, and the 
most persevering of men. 



THB Birn. 
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Museam. 
Rev. John Maddy, D.D. F.S.A. F.R.A.S^ 
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3 Bryanstone-square ; and Park-place, Hen. 

ley-on-Thames, Oxfordshire. 
A^hurst Majendie, Esq. F.G.S. Hediogham* 
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near Cbeshunt, Hertfordshire. 
Herbert Mayo, Esq. Professor of Anatomy, 

King^s-college» London. 19 George-street, 

Hanover-square* 
Alexander Melville, Esq. 16 Upper Harley- 

street. 
Robert, Viscount MdviUe, K.T. F.R.A.S. 
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6 Compton-terrace, Islington; and South 
Kilworth, near Welford, Northampton- 
shire. 

William Pearson^ Esq. Clapham. 



Digitized by 



Google 



FELLOWS OF THE SOCIETY. 



17 



Sir Samuel John Brooke Pechell, Bart. 

Captain in the Royal Navy. Admiralty. 
Right Hon. Sir Robert Peel» Bart. D.C.L. 
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road. 



Thomas Phillips, Esq. R.A. F.S.A. 8 George. 
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